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EOYAL SOCIETY. Maboh 19, 1914. 


Ihscuaaion on the Structure of the Atom, 

Abstract of Opening Address by Sir E BUTHERFORD 

When the Secretary of the Boyal Society asked me to open a discussion on the 
structure of the atom, I very gladly acceded, for I felt that it was a subject 
which would be of interest to many members of the Society, even if their own 
investigations are not directly connected with this special field of enquiry I should 
first like to point out that a large part of the work in modern Physics for the last 
20 years has been intimately connected with the problem of the structure of the 
atom, and several very powerful methods of attack have recently been developed 
to throw light on its structure The discovery of the negative electron as a 
constituent of all atoms much widened our conceptions, while the detailed study 
of radioactive substanoes has brought to light the remarkable senes of transforma- 
tions that occur in them, resulting in the addition of more than a score of new 

transition elements, which have a limited life, and break up with the emission 
of intense radiations and of a large amount of energy A study of the scattenng 
of swift Or and /^-particles in passing through matter has thrown much light on 
the structure of the atom, for these particles have such great energy of motion 
that they actuidly pass through the individual atoms, and arc deflected by the 
intoiiBO electric fields they meet within the atom In addition, the recent methods 
of studying X-ray spectra by their Reflection from a crystal promise to give much 
valuable information on the modes of vibration of the inner constituents of the 
atom. 

The proof that the negative electron was a constituent of all atoms, and could 
bo released from them by a vaiioty of agencies, gave a great impetus to the study 
of atomic structure It was soon recognised that a heavy atom must be regarded 
as a complex structure, consisting of negatively and positively charged particles, 
which were hold in equilibrium mainly by electtical forces A type of atom 
model, suggested by Lord Kelvin, has been developed and worked out with great 
detail and skill by Sir J J Thomson, and is now generally known as the 
“ Thomson ” atom The. atom is supposed to consist of a sphere of uniform 
positive electrification extending over a distance comparable with the ordinary 
accepted diameter of the atom, ami contaifling withm it a sufficient number of 
electrons to make it electrically neutral This typo of model atom has the great 
advantage that the distribution and velocities of the component electrons which 
make up the atom can bo worked out mathematically in detail, and it has been 
shown that the electrons tend to distribute themselves either in rings in one 
plane or in spherical shells like the coat of an onion Sir J J Thomson has 
shown that such a model atom imitates in a remarkable way several of the 
general properties of the actual atoms, and affords a suggestive explanation of the 
reason why some atoms are electropositive and others electronegative, and of 
ike variation of the properties of atoms with atomic weight as exemplified iii the 
Periodic Law 

(8001) b 
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There is one difficulty, however, that is common to all types of model atoms 
According to the electromagnetic theory, electrons in orbital motion must radiate 
energy, but this difficulty has to some extent been removed by the proof of 
Sir J J Thomson that the orbital moiiontof a large number of electrons ma 
ring radiates energy at a very slow rate Although the atom may remain stable 
for long periods, it must ultimately break up, due to this continuous drain of 
energy by radiation 

While the “ model atom ” of Sir J J Thomson has performed a very useful 
service in indicating the general pronerties of the electrical atom, and has proved 
very amenable to calculation, it does not seem able without modification to explam 
some exp(*nmental facts that have been brought to light in recent years It has 
now }>een definitely established that when swift o-particles pass through a thin film 
of matter, some of the a-particles arc deflected through more than a right angle in 
consequence of the close encounter of an a-particle with a single atom This result 
shows that the atom must be the seat of intense electric or magnetic forces 
General calculation shows that the particular distribution assumed for tbe positive 
electricity in tbe Thomson atom does not admit of sufficiently strong fields to 
deflect an a*partieIo through a large angle, unless it be supposed that the positive 
electricity is concentrated in a very small volume In order to explain such 
results, I was led to consider the properties of a “nucleus” atom, in which the 
positive charge and most of the mass of the atom are concentrated within an 
exceedingly small volume at the centre of the atom The nucleus is surroimded 
by a distribution of electrons to make it electrically neutral, but extending for 
a distance from the centre comparable with the diameter of the atom It was 
supposed that the large single deflection of a particles w'os due to their passage 
close to the nucleus, where the field is very intense, and where few, if any, 
electrons are piesent Simple calculation shows that the external electrons 
are incapable of producing more than small scattering of the a particle passing 
through thorn Begarding the a particle and nucleus as point charges of 
electricity, the laws of this large-angle scattering were simply deduced on the 
assumption that the forces between them were electrical and followed the inverse 
square law Those conclusions wore examined in great detail in the experiments 
of Geiger and Marsden They found, for example, that the number of (x-particles 
scattered through diffbront angles agreed with the theoiy over a very wide range, 
and m general they venfied all the main predictions of the theory Darwin has 
lecontl) shown that no other law of force, except the inverse square, is consistent 
with the expenmental results The scattering of high-speed particles like 
OL particles, in their passage through the atom, thus provides us with a powerful 
method of deducing the intensity of the tones in the atom, and thus throwing 
light on the structure of the central part of the atom From the magnitude of 
the Bcattenng at diffeient angles, it is possible to deduce the nucleus charge 
The value of the charge was found to vary approximately as the atomic weight, 
and to be eijual to aliout JAr, where A is tlie atomic weight and e the umt 
of charge On this view, the number of external electrons in the atom is about 
one half of the atomic weight in terms of hydrogen It is aignificant that a 
similar result was obtained by Barkla from consideration of the scattering irf 
X-rays by matter These conclusions were based on the theory of scattering of 
X-rays by electrons worked out by Sir J J Thomson 
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From these Testdts, we may consequently conclude that the nucleus charge of 
gold, for example, atomic weight 197, is about 100 units, and that it is surrounded 
by 100 electrons* {Note — yalue of the nucleus charge deduced from its 
X-ray spectra was shown by Moseley later in the discussion to be 79 ) From 
the radidactive evidence, it appears probable that the ex particle is the nucleus 
of helium and contains two positive charges, and eonsequciptly hydrogen can 
only have a nucleus charge of unity Van den Broek and Bohr have suggested 
that the nucleus charge may prove to be the atomic number of the elements 
when arranged in increasing order of atomic weight. On this view, which has 
much to commend it, hydrogen has one charge, hoiium two, lithium three, 
carbon six, and so on This important point will be referred to later 

From the acattenng of the o-partides by gold, it was deduced that the (x-particle 
must approach to within 3 x 10“^® cm. of the nucleus to be deflected through 
nearly 180“ This suggested that the nucleus of the atom has dimensions 
exceedingly minute compared with the sphere of action of the atom, and that, 
consequently, the positive electncity is very concentrated This view is strongly 
supported by some recent experiments of Marsden On the nucleus theory, an 
o-particle in a close encounter with a hydrogen atom should set the hydrogen atom 
in very swift motion. Under the best conditions, the hydrogen atom should gain 
a velocity alxmt 1 6 times that of the colliding a-particle To test this point, an 
intense lieam of a-particlos was passed through hydrogen Most of the a-partieles 
were stopped at 90 cm. -'the range of the a-particlos in hydrogen, but a small 
numlier of scintillations on a sine sulphide screen were observed for a distance up to 
90 cm No such effect is observed in air There appears to be no doubt that 
some of the hydrogen atoms are sei in such swift motion by the a-particles 
that tliey have a range in hydrogen about four times greater than the a particle, 
and are able to produce visible scintillations A simple calculation shows that 
the a-particle must approach within 1 3x lO'^^cm of the hydrogen nucleus in 
order for the latter to gain its great velocity Now this distance is very small, 
even smaller than the accepted diameter of the electron, viz , 3 4 x 10-* * cm This 
calculation gives a maximum limit to the dimensions of the hydrogen nucleus, and 
it may be much smaller For those reasons, I have suggested that the mass of the 
hydrogen atom may be olectneal in ongin and that the hjrdrogen nucleus is the 
positive electron 

Wo shall now consider the beating of the radioactive endenco on the stuicture 
of the atom* The expulsion of charged helium atoms m so many of the transforma- 
tions indicates that the nucleus is composed, at any rate in part, of helium atoms 
The energy of expulsion of o-particlos can be readily cx^dained by its passage 
through the strong nuoloos fleld even if it escapee with little initial velocity The 
geiier^ evidence indicates that the primary ^particles arise from a disturbance 
of the nucleus The latter must coneequently be considered as a veiy complex 
structure on a minute scale consisting of positively charged particles and electrons, 
but It M premature (and would serve no useful purpose) to discuss at the present 
time the possible structure of the nucleus itself 

On the nudeuB theoiy, the ordinary properties of the atom are dependent 
entirely on the nucleus charge, since the value of the latter must determine the 
eleotronic distnbution* The properties of gravitation and radiooctiTity which are 
unalfbcted by chemical or physical agencies must ho ascribed to the nuoiettB. 

(8001) 6 2 
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BeoenUy Fajans and Soddy have put forward a very important generabsation to 
explain the variation of chemical properties of the senes of elements resulting from 
the transformation of the radioatoms They suppose that the expulsion of an 
o^particle changes the position of the resultnig element two groups in the penodic 
table in the direction of diminishing mass, while an expulsion of a j^particle 
changes it one in the opposite direction On the nucleus theory, this supposes 
that the loss of an a particle (carrying two unit positive charges) lowers the nucleus 
charge by two units, while the loss of a /8-particle (carrying one negative charge) 
rams the nucleus charge by one unit. On this view, for example, the elements 
radium B and radium D should have the same nucleus charge as the end-product of 
the radium senes, which is believed to be lead It is signifloant that both radium 
B and radium 1) arc so closely identical in chemical properties with lead that they 
are inseparable from it 

Numerous examples of a similar kind are known amongst the radioelements 
We are thus led to the important conclusion that elements of difftneni atomic 
weights may have identical chemical and physical properties If the nucleus 
charges are the same, they should also give neaily identical spectra, for it seems 
unhkely that the mass of the nucleus will exert much influence No doubt defliiite 
evidence on these points will be soon forthcoming * 

A number of cases are known in tbe radioelements where the nucleus charge 
differs >)y unity Kecently some very definite e\idenco on this point has been 
obtained by Moseley by entirely distinct methods for a number of ordinary 
elements As you know, experimental methods have recently been developed by 
Bragg, Moseley and Darwin for determining the X-ray spectra of elements by 
reflection from crystals The frequency of vibration, lahich is about 1000 times 
greater than for the shortest light waves, can Iw directly deduced from the 
structure of the crystal When an element is exposed us anticathode in an X-iay 
tube, it emits its charactenstic radiation and ite spectrum is examined by the 
crystal methcxl Moseley examined in this way the X-ray spectra of twelve con- 
secutive elements from calcium to nickel The spectra of all these elements are 
similar in ty}x», consisting essentially of two strong lines The frequency of these 
lines was found to increase bv definite shps in passing from one element to tbe 
next Without <liscussnig the theory of the origin of these spectra, it sufiices to 
say that the frequency was found to bo proportional to (N - a)* where N was a 
number and a a constant al>out unity N m this case was a whole number 
which varied by unity from 20 foi calcium to 30 for sine, and corresponded to the 
atomic number or nucleus charge These results thus show clearly that the mode of 
vibration of the intoi lor of the atom is closely connected with the number N which 
18 behoved to be a measure of the nucleus charge 1 understand that Mr Moseley 
has still fuitbcr experimental results to contribute later m the discussion 

I have so far not dealt with the important question of the diatnbution of the 
external electrons which make up the atom It is obvious there are great 
difticultios on the ordinary mechanics in considenng possible distributions, for 
there is no leasou why an electron if disturbed should not always fall into the 

• Siuoo the diMuanioji Dr Andrede and I have sliowu that the itrong hues of the y ny 
■peotnun wf nAinm are idoiiticel with the eharaeberutio X my epectrom of lead Bvidenoe 
has also been obtained by seTeral inrestigators that the atomio weight of lead formed from radio- 
aetire matter differs from that of ordinary lead 
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nuclfiUB. In ord«r to overcome theea difficulties, Bohr has supposed that the 
electron may take up a number of definite positions i^ith regard to the nucleus, 
corresponding to what he calls ** the stationary states ” A radiation of definite 
frequency is supposed to be emitted when an electron falls from one stationary 
state to another By introducing a conception connected with Planck’s quantum, 
he has attempted to explain the origin of the senes spectra of the simple elements, 
and has shown that the fundamental frequency is in close accord with expenment 
The atom of hydrogen is supposed to be the simplest possible structure consisting 
of a nucleus of unit charge and one electron The complexity of the spectrum in 
this case is supposed to bo due not to the complexity of the atom but to the 
number of possible stationary states which the electron can take up In a similar 
way, he supposes the atom of holmm to consist of a nucleus of t^o charges and 
two electrons, and has given reasons fot believing that some recently discovered 
spectra which have been attributed to hydrogen in reality belong to helium This 
question is, however, still pultre The structure of a numl»er of elements has 
been indicated along those lines, supposing that the nucleus charge increases by 
unity in passing from one atom to the next 

Bohi has also discussed the structure of the hydrogen molecule, which is 
supposed to consist of two hydrogen nuclei with a ring of two electrons rotating 
between thorn The heat of rombiniition has been calculated and is m fair 
accord with the latest experimental data He finds that the helium atom as con- 
sti acted refuses to unite with another helium atom or with a hydrogen atom This 
18 111 agreement with the observed behaviour of helium While it is too early to 
say definitely whether the theories of Bohr are valid, his contniaitions to the 
structure of simple atoms and their spectra are of groat importance and interest 

111 this address I have oiideuvourod to point out briefly the miuu lines of attack 
on this question, and the point of ^lew that at present guides the investigations of 
myself and otheie in this most difficult and interesting of problems 

Mr H* Moseley* The chief difficulty at the present moment in discussing 
the structure of the atom is that the experimental methods by which we can get 
anywhere near to the centre of the atom are extremely few We may say that 
Sir Ernest Eutherford's view of the atom arose originally and is basetl principally 
upon the one all-important fact of the scattering of the a-particles The ct-particle 
18 the only thing which can penetrate sufficiently deeply into the atom to find out 
about the central part of the atom If we are ever going to find out what is the 
structure of the atom, it will bo from the middle outwards I want to show you 
that the X ray spectra of the elements give a rather hopeful method of adding to 
our information The possibility of analysing the X-ray spectra we owe to the 
work of Prof Bragg and his son The only way in which the work which I have 
followed out differs from theirs is that, while they used electncal methods, 1 have 
registered the spectra photographically It happens, that when a very large 
number of elements have to be rapdly investigated the photographic method is 
much quicker than the electncal method. 

* Owing to Mr Moteley'e nbeence from England, the proofs of the stenographic report of his 
rexnarkf hare been eorreoM for him by Sir Smest Rutherford. An aooonnt of these experiments 
of Mr Uoeeley has been given in two papers m the * Philoiophioal Magasine/ Bee , 1013, and 
ApvU, 1014 



The first thde ehowe the most oonvement kmd of %my tuba to use for tide 
work. It }B sunply a very large X*ray tube of 8 litres ci^paoity. The ddlereat 
speciiaenB which are going to be bombardei^ by the stream of cathode raye, m 
order to excite their charaotenatic X-radiations^ are mounted on a movable 
anticathode These specimens may be in the form of eiements, alloys, or 
compounds In many cases I have used thin layers of the metallic oxides spread 
over a plate of nickel, for example The substances are bombarded by the 
cathode rays, and the stream of general X-radiation mingled with the charactenstic 
monochromatic rays goes through a fine limiting aht They pass out in a divergent 
stream and fall on the reflecting crystal The peculiaritVi as Bragg has shown, of 
die reflection from crystals of these monochromatic rays is that they are only 
reflected when there is a certain definite connection between the wave-length and 
the angle at which they stnke the crystal Possibly only one of the different 
kinds of radiation will hit the crystal at such an angle that it can be reflected 
The reflected rays have this remarkable property that, although the moident beam 
IB divergent, a sharply defined line of alxiut the same breadth as the original aht is 
found on the photographic plate 

I have examined by this method a large number of elemonts or their 
compounds This slide shows one of the earliest photographs obtained for 
chromium. There is one extremely strong line and another much fainter Ime of 
about 10 per cent, greater frequency 

The spectrum shown for chromium is to be ascribed to K,*' charactenstic radiation 
of that element For elements of atomic weight greater than silver, the spectrum 
of the “ L ** senes of Barkla has been determined This spectrum consists mainly 
of three hues, a, /3, y, which are clearly shown in the spectrum of lanthanum, for 
example 

In this slide are given the collected results for all the elements that so far 
I have been able to mvMtigate I thought that it was better at first to make a 
general hiugh survey of the spectra of as many elements as possible, rather than 
to go into very elaborate detail We shall first consider the spectra of the K 
senes between alommium and silver On this diagram the abscissm represent ^ 
square root of the frequency, and the successive elements are arranged on the 
vertwal scale at equal intervals Suppose that we begin with alnimmum. This 
represents the very strong hue of alumunum corresponding to the strong line of 
ifiirottuum shown previously, and this the weaker hne of just a few per cent 
greater frequency On coming to silicon, we got exactly the sasoe phenomenon 
repeated Here is chlonne, of wbrnh at present I have only measured the 
strongest line. Here are potassium, calcium, titanium, manganese, iron, cobalt, 
luekel, copper, smo Aftei a gap wa come on to yttmum, mreonium, and so on. 
You see that the square root of the frequencies d these strong lines pbttsd 
agmnst the sueceauve etements placed at equal mtervali on thu vertical scale 
mm a straight Ime, or rather a Ime that la straij^ at first and then bends over 
sightly At the Utter part we are dealing wiUi very hig^ frequmioie% so 
whatever is giving this radiation must be treated nmthemotieatty as an nkitrtro 
magnetic problem and not as the purely electrostatic problem which is usually 
tato to smfc the lower frequencies. The other fainter linos also fall oaa very 
goM ilraig^ bne, as far as they have been traead» tboa^ for the hi^ fremndea 

only the ptindpalbna has been mvestigated. In making thu diagram the etaiiiii^ 
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from fthiBCUjaiiim upwardi, liave been arranged not exactly m tbe order of mcreaung 
atamie weight, but m the order of Mendel^fTa penodUc table; that is the order 
of tbe atomio weight except in the few oaaea where thu clashes with the order of 
tile graduaUy ofaaugtng ohemioal properties Here, for example, we have tbe order, 
chlorine^ argon, potassium, coloium, instead of the atomic weight order, ohlonne, 
potasuum, argon, calcium. If the atomic weight order were used the spectrum 
lines wonld be thrown completely off this straight hne; so we see that we are 
justified in taking them in the above order 

Here, again, the chenuoal order, iron, cobalt, mckel, is chosen instead of atomic 
weight order, iron, nickel, cobalt. It will be observed that the elements have all 
been spaced at equal distances This means that m order to get some definite 
simple relaUou between the frequency and the element we must asonbe to each 
element an integer. This integer can hardly be anything else than the atomic 
number, the charge on the central nucleus, about which Sir Ernest Butherford has 
been speaking, and the fact that the atomic number is alx>ut half the atomic 
weight fits m well with this We ascnbe to aluminium the atomic number 13, 
though in this point we are not supported by definite expenmental evidence The 
atomic number of hydrogen is known to be 1 , that of helium is 2 , so that unless, 
which is extraordinanly unlikely, tbe chemists have missed an element before 
duminium, the latter, the 13th element, has the atomic number 13 The results 
show that no elements are missing between aluminium and silver, except for one 
gap left for a homologue of manganese 

Let us next consider the elements of the L senes Fortunately it is not very 
difficult expenmetiially to overlap from the K series to the L , that is to say, for 
some elements both the K senes anibthe L senes spectra can bo measured 

1 might mention in passing that the charactenslic rays of very long wave- 
length in this part of the diagram are rather troublesome to examine because they 
have such extremely small power of penetration. A radiation of this kind la 
practically stopped by a centimetre of air Thenrfore, it is necessary m mvesti- 
gating them to use a special vacuum spectrometer 

Xu these L senes spectra the strongest pnnoipal line u called a, and, as before, 
It u tbe line of smallest frequency The points for successive elements he on 
a definite rcgul^ curve which bends a httle and is not quite a straight hne The 
Ime jS, the next in order of intensity, also lies on a smooth curve which is very 
much bent^ The third hne gives ptaotically a etnught hne. There is another 
hne which at present I have only found m region of the rare earths, although 
very probably it ako appears ^where. The results do not pretend to be in 
the laut complete The hoe a for platmum was onginally called C by Prof. Btagg. 
These two Imes fi and 7 we^^ called B before ha knew that the line was douMe. 
Theae aro also soase famler knes of higher frequency not givmi on tins diagnm. 
What I wan^ to uiaist upon is tike Isot that e^ of the elements has got a 
qpeetanm extremely tiiat of its neij^bonr. It is obvious that whatever is 
giving tine qpectnim is tim ooereqpondkig sytiem m tbe dtfiemnt eksnents 
and timt its pe^ertiet greduelfy t^nge as a function of the atomic munber* 
The ootttinmty of these ourvea shows that the order m wioek we have arssnged 
tikb etomels miiat 

Imuste^ralewmsitisi^^ the way iu whiiA tide oEdevhas beenamved ah 
ntstenee it has heeu m amagsd thi^ the eleimai U all he on 
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a straight hne» Chemistry always suspected that there was au unknown 
homologuo of manganese between molybdenum and ruthenium Already in the 
K senes spectra it has proved necessary ^ leave a space for such an element 
If this element No. 43 exists at all, it ought to be very easily detected, because 
the frequencies of the two principal lines of its X-ray spectrum can be predicted 
with certainty It is necessary also to leave a space for another homologue of 
manganese between tungsten and osmium The only other doubtful question is 
the number of the rare-earth elements There has been a very largo amount 
of extremely skilled chemical work done in separating these elements, but it is 
still a matter of some doubt whethei some of them are really simple, or whether 
they are mixtures. It has been shown that what wo used to call ytterbium is a 
mixture of two olomouts now known as neo-ytterbmm and lutecium Vacant 
spaces are left for these two elotneiits I find that between erbiuiri and tantalum 
there aie only four places to spare The spectrum of erbium was determined 
from two specimens The first was a specimen which Sir William Crookes had 
the very great kindness to give me It gave faintly the strongest line of 
both elements, thulium I and thulium II There is no doubt that the two 
dtfTerent kinds of thulium are oxeeditigly difficult to separate completely from 
erbium The erbia also contains traces of dysprosium and of holmmm Another 
sample of erbia contained (^uite 50 per cent of holmmm, or rather of the 
element whoso atomic number is 66, which I take to be holmmm Wolsbach 
has actually separated thulium into two different substances, and bis assertion 
that there is a third is based on rather more indirect evidence 
We will now look a little more closely into the question of the relation between 
the sfjuare root of the frequency and the atomic number From the curves wo 
saw that the square root of the frequency was a linear function of the atomic 
number N So we have the frequency i' A (N - If we take the strongest 
line of the K senes, wo find that this constant A is numencally equal to A « 
where w Rydborg*s fundamental frequency for ordinary line spectra I have 
wntten it in this form because it is then ulentical with that which one would 
expect for the principal line from the theory of Bohr The constant h is equal 
to 1 Considering the pnncifial line in the L senes, the constant h u equal 
to about 7 6 , 1 f , 

v-/sVo(N-7 6)* 


Thus for K lino 
while for the a line 


A » 
A « 



Of course, one cannot determine the value of A closer than a few per cent, 
because we saw that the pniicipal line of the L senes, when the square root of 
the frequency was plotted against the number, was not quite a straight line. 
It 18 very hkely merely a coincidence that the value of A happens to come m that 
form But I am intending to look for the M senes and the N senes, and, if they 
exist, to examine whether they also have constants of this kind. I should like 
to point out that for the L senes the value of b is considerably larger t h e n 
for the K senes The complete difference between the grouping of the I **"** for 
the K senes and the L senes, and the fact that the constant 6, which I suppose 
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to reprevent the action of the electrons m neutralising the force exerted by the 
central charge, u rery different in the two cases, suggests that the K senes 
ooiresponds to the vibrations of the inside ring, and the L senes to the vibrations 
of the next nng outside it 

This slide is of interest since it shows the spectrum of the specimen of erbium 
which Sir William Crookes gave me The a, d, and y hues are clearly seen , 
also a hne of dysprosium, while the principal line of holmium is just visible 
It shows how these spectra can be utilised to dotormino the purity of tho 
specimens 

The next slide gives the atomic numbers of all the elements, assuming that 
we are nght in saying that aluminium is No 13 You will notice that the 
numbers up to 79 have been put in fiom the evidence of the X-ray spectra 
After gold, No 79, wo assume that the same law continues to hold for the two 
elements, mercury and thallium, which I have not yet investigated 

After thallium we get into the region which Mr Soddy has been studying, 
and, from the evidence given by him, wo can deduce the atomic nunilxns 
of all the other radioactive olomenta up to uranium You see that there is one 
more element missing, a homologuo of chlorine, and also a homologue of sodium^ 
but It says a good deal for the extraordinary skill and industry of the chemists, 
that in the whole list there only seem to bo live unknown possible elements 

Mr F Soupy I have listened with very great inteiost to the discussion opened 
by Sir Ernest Kutherford upon the structure of the atom, and though of course i 
am not competent to discuss the nuclear atom, if I may give it a name, critically 
from the mathematical or the physical side, I may say that generally in the- 
broadest way I arn m full agreement with that model I have cei tainly found it very 
helpful in my own jwrticular field of work in radioactive investigations Prof 
Bragg, mure than ten years ago, showed that an a-particle could go through 
all the atoms it met m its path without suffering any appreciable deflection 
It IB only a particle moving at these ultra-material speeds, speeds which are 
about ,ono-tenth of the speed of light, such as the a-particle, which can 
penetrate the atom, and, as the genius of Sir Ernest Rutherford has shown, it may 
tell us something about wbat it is that it has passed through The fact that the 
law of Bragg is not actually obeyed and that there are these rare single scatterings, 
to use Sir Ernest Rutherford’s term, I think, without any theory whatever, doea 
show that we have to deal with a nebular atom with a hard nucleus I am not very 
fnendly to the general idea of the electrical theory of matter , but, without any 
particular assumption as to the nature of the atom, I think that the results of 
single soattenng as shown by Prof Rutherford do undoubtedly prove that wo have 
to deal with a nebular atom which has a hard point in it, a hard scattenng point 
which can deflect a heavy atom travelling at very considerable velocity I content 
myself by merely saying that, of course, the electneal theory of matter has now 
undergone very profound change, because m the Thomson atom there was an 
attempt made to preserve stability, an attempt which was not altogether successfuL 
But with this new atom we have got beyond any such attempt to preserve stability 
Because it u perfectly obvious that this nuclear atom, whatever the nature of it may 
be, cannot ob^ the ordinary laws of electnoity You could not by any known 
means concentrate into a space, 10^^* cm. in raebus, 100 atomic charges of the same 
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aign There 10 no known way of doing it You have endowed electricity with 
the attributes of matter, rather than explained matter in terms of electricity 

Paesmg to my own hno of work on this si^bjoot, let me briefly describe what led 
me to the view that there exist in the radioactive senes certain elements which 
had identical chenucal properties It was known before that there were certain 
radioactive elements, ladiolead, for example, which extraordinarily closely 
resembled other elements, such as ordinary lead Mv first practictil experience 
came in connection with meso thorium The chemical nature of meso-thonum 
having been kept a technical secret by its discoverer, I had to work it out for 
myself, and I v as amaaed to find that, though of a different atomic weight, it yet 
}x>BBeR8od pioperties chomKully identical with those of radium, and by no known 
process could you separate those two elements once the> wcie mixed The work has 
been earned on by Mr Fleck at Glasgow, who has investigated all the radioactive 
elements in turn, to see, firstly, whether they resembled any known element, and, 
secondly, whether they were sepatahle from that eiomont He showed that every 
single member of the radioactive senes, which has a peiiod of life above a minute, 
IB identical chemically with one or other of the last 12 elements of the penodic table 
from uranium to thallium This is a very important point, l^cause you have a now 
moans here of determining a t) pe of complexity of matter which a chemical analysis 
must necessarily overlook Suppose that you have a ladioacUve sequence such as 
A, 11, C, 1), E, and F If we Uike a common case, A, the primary element, 
may ho chemically identical with D, B with E, and C with F, and by 
no chemical piocess would you bo able to determine that six elements were 
present Chemical analysis will sepdiate three pairs of eubstaiicos, namely, 
A and D, B and E, G and F But if it happens that the periods 

of average life of the various membeis of the senes are not too long in 

companson with the allotted span of throe-score joars and ten, D, K, and F, 

in absence of their rospootive [laronls, C, 1), and E, will disappear with lapse of 

time Hut A will, m time, change into B, B into C, and so on Hence all six 
membei'B can be severally distinguished liadioactivity provides, therefore, a 
means of distinguishing a complexity among elements in the stato of change which 
IS not within the range of chemical analysis It was in this way that Sir William 
liamsay and Hahn discoveied ladio thorium Radio thorium, as we know now, 
IS non separable from thonum In fact, these investigators had separated out 
meso-thonum from the mineral unwittingly As meso-thonum was not then 
known, they naturally assumed that they had separated the radxo-thonum from 
the mineral Wo do not know any process at present capable of removing radio- 
thonum from thorium They really had separated meso-thonum from the 
mineral, which, in cout'se of time, changed into radio-thonum 

I would like to have my lantern slide * I showed these results to the Royal 
Society over a year ago I need not spend time upon it It shows the radio- 
elemonts arranged in the periodic table according to the chenucal results of Fleok 
and myself, and a great number of other investigators preceding us. Every vertical 
low consists of elements occupying the same place m the uble, which are 
separable from one another by any known process. Such elements I cell isotqiee 
Two years previously I hod shown that the cxpdsion of an o-particle shifts an 
element from one place m the pcnodic table to the next place but one That 
• See * Ohutuifcry of the ReduvBlementa/ Part TI, p 3 
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wa« foilowod up by my old student, Mr A S Bussell, and at the same time 
by Herr Fajans in Germany, who suppiemcuted that rule and showed that the 
expulsion of a )9-particle shifts the element one place in the opposite direction 
Hence the expulsion of one a- and two fi particles must necessarily bring the 
element back again to where it starteii from, and give you an olemeut completely 
identical with that which you began with Owing to the existence of inter* 
mediate members of entirely distinct chemical character you can get the radio- 
thorium and thorium separately, when by chemical analysis such a thing would 
be absolutely impossible The result of the oxpoumenta of Messis Russell and 
Ross, and of Profs Kxnei and Haschek, of Vienna, is to show that the spectra 
of these isotopes, as I call them, are very probably identical 'I’hcy showed 
that it was not ]»ossib]o to got any new spectra lines in a very stioiig ionium 
pre[»aratioii The spectrum was purely that of thorium Although wo do not 
know that the chemical elements are not homogeneous in othei parts of the 
periodic table, the presumption is that they are piobably nut homogeneous In 
the last jiari of the periodic law one has a definite proof that there are 40 elements 
crowded into the 10 places which ate occupied The atomic ma^soa may vary 
over a coiisnleriiblo number of units from 206, foi instance, in the place oc( upied 
by the element lead, to 214, 8 units, so there is a possibility that the same occurs 
in other parts of the pei iodic table too 

Since t he expulsion of an a particle wnth ta o positive charges corresponds with 
a shift of two places in one direction, and the expulsion of a /3-particle carrying a 
single negative chaigo corresponds nith a shift of one place iti the opposite 
direction, it follows without any doubt at all that the successive places in the 
penodio table correspond with umt differences in the net value ot the nuclear 
charge, so far as the last 12 places at least are concerned That idea has been 
followed out further by Mr Moseley, who, 1 understand, has new leaults to bring 
before us to-night 

There are a great many problems arising which have not yet lieen solved It 
16 proliable that the ordinary lead of the chemist is not homogeneous If it is 
derived from radioactive changes it is a mixture There has not yet been time 
for that point to bo decided, but we have been at work on it for some time 

1 regard the discovery of meta-neon and noon in the atmosphere by Sir J J 
Thomson as a brilliant confirmation of this point of view These two elements, 
according to the results of Mr, Ashton, appear to differ in atomic weight by 

2 units, and yet appear to have the same boding point and spectrum. They are 
not capable of separation by fractional condeusatioii m cold charcoal, but are 
separable by fraotioiial diiTusiou methods only 

The model ou the table of the periodic law I think sums up the knowledge we 
have derived from radioaotive changes succinctly * It is based on the figure of- 
eight iqural arrangement of Sir William Ciookes, now ova* 25 years old, and 
ou the fact that the rate of change of properties lu passing from place to 
pkoe attains a maximum at the aero and a minimum at the e^hth group We 
cannot take the simple symmetrical idea that then sufficed. It illustrates three 
points which, I think, have to be explained on any theory of the structuxe of the 
atom. Firstly, we begin with two simple single turns of the spiral, or short periods. 
Then at the 22nd element, titmuum, the course of the evolution changes and 

* See * OhemMfery of tb« Badio-BlemeaU/ Part II, p 11 
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giveB UB the double spiral figure This proceeds till two complete double turns 
have been run through Then wo have a totally different type of evolution 
coming in, with the commencement of the r^re-earth group All the elements 
are identical in valency, though they differ, of course, from the isotopes which I 
spoke of, in that between the successive elements there are distinct, though 
exceedingly slight, differences of chemical character, sufficient to enable their 
separation by chemical methods to be effected The sequence then follows on 
exactly as though the rare-earth elements had not been interpolated The final 
part between bismuth and uranium is almost all new, but it reproduces in exact 
detail the earlier sequence of events From load to thorium is the exact analogue 
of the early sequence from carbon to silicon 

Prof J W Nicholson I think that Prof Rutherford has made it clear that 
the nuclear atom is, as a mattei of fact, the only basis upon which profitable dis- 
cussion of the constitution of the atom can really be earned on The mam 
rival theory, as Prof Hicks has just indicated, is the magneton theory It seems 
that just recently in the couuo of a discussion it has }>een shown that the magneton 
theory and the nuclear theory do probably amount to exactly the same thing 
This has been indicated very clearly by i>r Allen, who, I ob8er\e, is here to day, 
and who, perhaps, may speak about it afterwards He has shown that the 
magneton can bo represented as a difierence effect which takes place with rotating 
electrons, if we suppose that the nucleus is rotating as well, with, howevei, a 
specificHi angular momentum I'he principle of the constancy of angular momentum 
gives a possible explanation of Planck’s constant, that is to bay, if this constant 
k IS an atoinic constant at all, and not a constant of atomic aggregates It first 
came iii in connection with the coronal spectrum, which can be represented mathe- 
niaticallj h\ the fn o vibrations of a very simple model atom in its neutral and 
charged conhguratioua {lllmtiattfifji) That is an atom which has a nucleus of 
charge 5 and five clef tions This angular momentum principle was taken up by 
Dr Bohr and is the real basis, 1 think, of the success of his theory so far as it 
has had success 

A liope has l»ocn expressed by Pi of Rutherford that I would make a few 
remarks about Dr Bohr's theory I have been examining this theory for some 
little while, in fact practically over since it first appeared There are several 
points in which it will work, and others apparently in which it will not work 
without \ ery serious modification In the first place there is the question of the 
theory so far as it relates to the more chemical nature of the elements, that is to 
say, to the arrangement of the electrons in the atom in a senes of concentno 
rings of \arying ladn, the Xray spectra, for example, being supposed to come 
from an innermost nng On the older electrodynamics it is possible to show that 
we cannot ha\o, under any circumstances, a set of concentric nngs m the same 
piano rotating round a single nucleus It is not possible to satisfy the conditions- 
We can have, of couise, electrons lotating in other ways than all in the same 
circular nng Wo can have them all desonbing ellipses, for example, with the 
major axes of those ellipses at equal angles all the way round the nucleus But 
It IS not possible to ha>e any approximation to conoentnc circular orbits on the 
old electrodynamics , nor is it possible, as can be proved rigorously — I mean by 
stnet mathemalioB —to have them on Dr Bohr’s theory, either, m its present form. 
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On this theory at present the so-called steady configurations of the* atom are to be 
determined by the ordinary mechanics But it is only when we come to the 
question of the changes of the atom from one set of stationary states to another, 
or the vibration of the atom, that the ordinary dynamics must be given up In 
obtaming the formula of the hydrogen spectrum, Dr Bohr is compelled to suppose 
that the attraction between an electron and the nucleus in the case of the simple 
neutral hydrogen atom is according to the ordinary inverse square law which it 
would follow if the electrons were not actually bound in an atom If we examine 
what the spectrum of any other atom would be on these promises, that is to say, 
take any case which Dr Bohr has not taken, we cannot obtain the experimental 
results But taking first the hydrogen atom in the ordinary neutral state, that 
particular atom also leads to another spectrum in the extreme ultra-violet, which 
has recently been found and which agrees very well indeed with the theory In 
other words, the hydrogen atom certainly does appear to give all the lines that we 
can got from a certain double senes This includes Balmor’s formula, Rita's 
formula, and a Schumann senes 


The formula is 



whore B is Rydberg’s constant, and rx and Ti can take all integral values 

In the case of helium, when there is only one electron approaching the atom, 
we get the same senes with half instead of whole numbers, and one immediate 
deduction, among others, is that the entire hydrogen spectrum is also given by 
the helium atom when it has a positive charge 

Actually there is a slight correction to bo made in B, liecause when you have 
only one electron, it drags the positive chatge out of its ordinary position The 
two senes for hydrogen and helium are not really quite the same, but they are 
very nearly 

If wo take the same premises and try to get the rest of the helium spectrum — 
that IS to say, the ordinary helium spectrum — the attempt fails altogether Wo 
get other senes of this kmd if we work out the varying stages according to the 
theory given by Dr Bohr Tf we try to got the spectrum of a charged hydrogen 
atom or a hydrogen molecule, the same thing takes place We can get nothing 
approaching the facts at all, and we must bear in mind that wo have an entire 
secondary spectrum of hydrogen, or what is now generally behoved to be due to 
hydrogen, with about 400 lines, which has yet to receive explanation by any 
theory of the structure of the hydrogen atom, in addition to those theories which 
have been mentioned 

I have examined in what direction wo can modify this theory in order to get 
such spectra I find that there are two ways We can either make a difierent 
specification of the angular momentum — but that is not sufiSicient in itself— or we 
must suppose that, although the electron and the nucleus exert the usual force on 
each other, electrons bound m on atom must not exert the same force on each 
other as they normally do 1 think that, in dealing with a subject like this, we 
are, perhaps, entitled to make any tentative assumption we like, which leads to 
an experimental formula, in order to endeavour to throw some light on the 
subject, t find, however, that no inverse law of any kind will lead to anything 
approximating to the ordinary spectrum of helium at all The only way m which ' 
any progress seems likely m connection with ordinary spectra u to suppose either 
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that thera le no force whatever between electroiiB bound in an atom, or that it is 
according to some power which is not an inverse power. 

When we come to the X-ray spectra some very interesting results appear 

The first point that I wish to emphasise is m relation to the ordinary deduction 
first given by Mr Moseley, that Bohr’s theory is in agreement with his results on 
the X-ray spectra 

When we examine Bohr’s spectral formula, wo get 

& 18 a constant depending on the number of electrons, that is to say, in addition to 
that factor in (N - ?>)*, the factor comes in This has been overlooked in the 
treatment of the question so far There is only one way of removing n, and that 
18 to give up one of T>r Bohr’s fundamental postulates, which is to the effect that 
when radiation is given from an atom only one quantum must go at a time If 
there me a elections, we must suppose that every one of those electrons sends out 
a quantum If we do this, we can get the n on the other side of the equation, 
and It may bo ouncelled That is the first proviso wo must make if we want the 
X ray spectra to fit in with the theory 

If Mr Moseley’s nngs are impossible, then his supposed ring of four electrons 
round the nucleus will have to go too, except m one circumstaTioe, namely, that 
there is no force between the bound electrons in the atom If there is no force in 
the bound electrons in the atom, then we can proceed a little farther The constant 
h disappears Wo got the frequonnes of the X-ray spectrum proportional to the 
square of N ) Mr Moseley’s results do indicate so closely this propor- 

tionality to a s(|Uare that I think it would, perhaps, be bettor to accept it as u fact 
rather than suppose that there is a constant h concerned there which happens to be 
equal to 1 in the case of calcium and some of the other elements Here, however, 
we have the difficulty that if N represents the atomic number the N for calcium 
comes down to 1 9 , that is to say that if the theory of the atomic mimbor being 
equal to the place of the elements in the Ubio is correct the chemists have not 
found exactly the right number of elements between hydrogen and calcium, but 
have found one too many However, 1 do not want to dwell on that point now 
If this absoiiso of force between bound electrons is a fact, isotopes will have the 
same spectrum 

There is one other point on which I would like to make one or two remarks I 
leferred to the question of the coronal spectrum, which can bo explained by the 
\ibiations of an atom consisting of a nucleus of 5(!, and 5 electrons This atom 
I do not take to l>e an ordinary terrestrial atom of similar constitution I take it 
to bo an atom with a simple nucleus I think that the nature of the binding of 
the electrons to the nucleus must indicate some change in it from the form of 
a terrestrial atom If we examine the spectra of nebulse in the same way, 
we get the same result with respect to a system of four electrons outside a nucleus 
of four We can explain a large part of the nebular epoctnim in this way 
Recently I think T have managed to show that we can explain practically all the 
radiations of nebul® by the other systems of this simple kind , that is to say, we 
have the very iH^mnings of matter there, and the subsequent development of 
terrestnal matter will have to take place by some modification of the interior of 
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the atoms Tha evidence for this modifioation that 'when we come to the stars 
which astronomers regard usually as the earliest type of stars, namely, the stars 
close to the nehulm in stellar classifications, we find that they contain no lines 
which can be certainly identified except hydrogen and helium lines. They 
contain, however, about forty lines which can all bo grouped together under one 
comprehensive formula which is exactly like Balmer's formula, except that the 
constant 4 is replaced by something else, and there is a senes of limits with 
a constant frequency diffcicnce outside The constants m these formulie are 
certain oonstants we can cab ulato for the original system in the nobulcc with the 
four electrons and tho nucleus of four which seems to be the recognised system 
there There is evidently some relation between tho oiigin of those lines and the 
origin of tho lines m the nebulee Moreover, if we trace through exactly the 
same relation foi the subsequent products of another atom — that is to say, the 
atom with a simple nucleus (whatever that may bo) and one electron — we get 
exactly Balmer*s formula We get the limit right We get it right to hve 
figures on the supposition that this explanation of tho nebular spectrum is correct 
Apparently therefore hydrogen does contain only one electron Moreover, if we 
make tho same calculation for an atom with two electrons we get this as the chief 
line {Illmtraimg ) I do not deny that there are probably other senes We 
get the wave-length 10832 ns the principal line, and the strongest lino m the 
helium spectrum is 10830 I think that from tins empinuil method of piocooding 
there is very strong evidence that the supposition that hydrogen has a nucleus 
of 1 and helium of 2 is correct If wo go any farther the same thing does not 

happen We cannot show in the same way that the nucleus of lithium has 

a charge of 3 

There is one little difficulty which I may, {lerliaps, refer to as legaids the 

spectra Prof Strutt recently has indicated some experiments which seem to 

support a view expressed by Lenarcl some little while ago that the systems whoso 
vibrations give the principal seiios and the subordinate senes are different 
Lenard's view was that tho printip.il senes came from neutral atoms and that the 
subordinate senes came from the \anous positively charged atoms If helium has 
only two electrons wo cannot expect a spectrum when no electrons .nre left at all 
In that case tho subordinate senes of helium must ho tho spectrum of the atom 
whioh, according to Dr Bohr*s theory, gives us what are called by astronomers 
the Pickering lines The lino 10830, of tho principal senes, by our method 
appears to be m agreement with Lenard's view, for it comes from a neutral atom 
There will be these points ultimately to be reconciled between Dr Bohr's view 
and this more ompincal view which 1 have ventured to bring before you 

Prof W M Hicits As there is not time to say very much, I will go at once to 
the one or two points that 1 wish specially to draw attention to The first is m 
reference to Mr Soddy’s theory of the existence of elements having different 
atomic weights, and yet having the same chcmicid properties I think that we 
shall all agree that the evidence in favour of that is so strong that we may take 
It as practically, or at any rate provisionally, settled ; but a difficulty arises iii 
oonnection with die spectra He assumes that the spectra of these different 
substanoes with difierent atomic weights, but belonging to the same place, will 
be identicaL Certainly ip favour of that view the result of the attempt to 
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•determine the Bpectrum of ionium seenu to lend some weight, but there hi a 
difficulty which it seema to me we cannot get over, namely, that the spectra ol 
the elements depend very definitely on the atomic weight and not on the number 
It u not limply a rough connection* It Is a connection ao close that if you take 
the atomic weight to be 1 or 2 m 3000 different from the weight aa determined 
by chenusta, then the relation falls out altogether Here we hare oases where the 
atoxmo weight differs by 3 or 4 units It is difficult to see how you can expect 
to get the same spectra* An explanation may he in the possibibty that we 
Aorer have the single element in these cases, so that, for instance, in the spectrum 
of thdnum we do not got the spectrum of pure thonum, but that of a mixture 
of thonum and ionium and all their isotopes together All these elements have 
an enormous number of lines, and their spectra have none of them been properly 
investigated, so we do not know whether we have a mixture of the spectra of 
several isotopes when wo take, say, the spectrum of thonum, or not 

Of course there is another supposition that we might take, namely, that the 
isotope with the largest number of electrons is the one which gives the ordinary 
spectrum, and that these other elements which are brought back by the emission 
of /i-rays have no spectra at all But it seems to me that the most likely thing 
and the thing that we have to look lor is that the observed spectra are really 
composite. 

The other jioint which I wanted to raise was one of a different kind If 
we approach the constitution of the atom from the spectral aide we are led 
to think more of the magnetic qualities of the atom than of the electrical 
You must have magnetic fields, m anything which produces ordinary spectra, 
at least those which show spectral senes This has been pointed out by 
Lord Rayleigh and has been appbed with great success by Bits Not only 
so, but we know from Weiss’s expenmental work that these little atomic 
magnets do really exist Whether they are something difierent from electrons, 
or are produced by rotating electrons, is a matter for further consideration , but 
the fields arc so stioiig that they must be taken into account The measured 
amount of their magnetic moments is of the order Although the 

mathematical difficulties may be gieat, I think that if the theory of the deflection 
of on a-particle by one of these magnetons were worked out it would be found that 
deflections quite comparable to those observed would be found, and that too by 
particles which do not require to go so close to the central nudeus aa in 
Prof Rutherford’s theory , but of course whether the law of scattenng is the same 
as what he has observed or not, we do not know That is a matter m which the 
mathematical theory would have to come first Some rough calculations I have 
mwie show that a- or ^-particles passing in the equatonal plane of a Weiss atomic 
magnet do, as a fact, get scattered in .*iU directions by such an amount as to load 
to on expectation that the law would bo similar to that which Prof Rutherford has 
olwerved. 

Prof Sh vanvs P Thompson May I be allowed to put i point 1 Prof Hicks 
has referred to a feature which apparently has escaped the attention of almost all 
the dder workers on this subject, namely, that there must be magnetic force in 
tiiese hypothetical atoms, if they consist of electrons in motion He has refetted 
also to the bnlliant work done by Prof Weiss in his inves^gation of the posdUa 
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atomic magnet fxc magneton It is worth while to put that from another point of 
view, or rather to show one of the additional complications that this consideration 
introduces. What Prcrf Weiss has done is this — Taking various magnetic 
substances, and magnetising them in the strongest possible field, so as to produce 
as near an approach as possible to magnetic saturation, he has found that there is 
apparently a definite magnetic moment for the atom of each of these. Putting it 
into the usual quantity of gramme molecules, 56 gnn of iron appear to have, in 
the limit when they are magnetised completely, a magnetic moment of 12360 
(CGS. units) j 59 grm of nickel, the corresponding quantity, appear to have 
3370 units of magnetic moment Those two numbers have, as Weiss points out, 
exactly the relation numonciJly to one another of 11 to 3 If you take 59 grm of 
cobalt in the same way and express its magnetic moment m the same terms, the 
unitary number that corresponds to it is 9 If you take 16 grm. of oxygen, the 
corresponding number is 7 That is to say, the atoms respectively of iron, 
nickel, cobalt, and oxygen contain these numbers of magnetons iron, 1 1 (or, m 
other oircumstancos, ^-ivon apparently will contain 12), nickel 3, cobalt 9, and 
oxygen 7 Now, what I want to point out is this — If we accept the argument of 
Weiss on this point, we must consider the atom not only as a nucleus with a 
certain electric positive charge in it, and electrons, negative units, grouped 
around in rings or some other configuration, but its configuration must bo 
such as to have these elementary quantities 11, 3, 9, 7 for the four elements iif 
question Arrangements have been proposed of models of atoms having so many 
units of positive electncity grouped with so many electrons of negative 
electricity Have we there any basis whatever for supposing that these unitary 
magnetic numbers can be accommodated therein 9 Our model atom of oxygen, 
however many positive and negative aggregate units it is supposed to have, must 
possess a configuration such that it shall have seven magnetic units m it This is 
a somewhat novel point of view, but apparently it is a necessity from the facts It 
adds, no doubts to the difficulties of imagining a model that will work, but a model 
that will not work magnetically, but only mechanically, is only half a model 

Dr, H. S Allbn . Like Prof. Hicks I have been trying recently to work out 
the question of the scattering of the o-partioles by a magnetic atom I find, how- 
ever, that there is one point of difference between the electric and the magnetic 
problem, which I think is crucial. In the case of the nucleus Sir Ernest Buthorf ord 
has shown that the scattering vanes inversely as the fourth power of the velocity. 
Taking the magnetic atom and dealing with the case m the equatorial plane, I 
think that the scattering vanes inversely as the square of the velocity So there 
u this important point by which we may distinguish between the two views I 
am not quite sure whether the experimental evidence obtained so far » really 
ilecisive. I think that if we were to take a magnetic atom which also possesses 
riectneal pn^rties we might find a relation somewhere betwem the square and 
the fourth power which possibly might fit the expennumtal facts more closely 

With re|^ to magnetons, 1 want to mention one point very bnefly. We may 
express the angular momentum of an electron as maV sui^ioauig that we have 
m deetron travelling in a circular orbit of radius a, with angular velocity 
Aoeosdmg to Bohristhe<ay the angular momentum is equal toA/2r The magnetic 
moment of an elementary magnet^ which would be equivalent to the revolving 
(SOOlj ^ 6 
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«leotrcm«»iB equal to Companng these tiro, ve eee that it is pcMeihie to 

esepress the magnetic moment in terma of Planck's ocmstant A. II we work out the 
result, using the latest value for the constants, we find for the magnetio moment 
the value 92 7 x Now, taking the latest value for the magnetic mometit of 

the magneton we get the number 18 54 x The fomw number, then, is 

emeUy five times the latter, that is to say, the single electron revolving in a 
ciToular orbit is equivddent to five magnetons That was pointed out first by 
Mr. Chalmers at the recent meeting of the British Association. In order to 
arrive at the magneton itself, I suggested in a letter to * Nature,’ a few weeks 
ago, that we might take the case of a revolving sphere of positive electnoity. 
It 18 easy to show that, if wo have a sphere carrying a charge N tunes e, the 
magnetic moment of the revolving sphere is |NsA^f2, where A is the radios of 
the sphere and 12 its angular velocity If we assume that A^ is equal to a^, the 
magnetic moment is equivalent to 2N magnetons , so that, by taking 5n maguetonfi 
for the ring of n electrons and 2N magnetons for the revolving sphere, we have a 
way of building up various numbers of magnetons according to the direction of 
revolution of the sphere and the nng Prof Butherford, I suppose, would prefer 
to make the sphere of negative electneity and put a positive nucleus in the centre 
In that way we might be able to reconcile the two points of view 

Eeply of Sir Ernkst Rutherford — As the hour is so late I will only delay 
you for a few minutes I must first of ail thank the speakers for the kind way ui 
which they have treated me in this discussion, and I think there are not many 
points which call for a special reply 

I qmte recognise, with Prof Hicks, that there must be an atomic weight term 
connected with the frequencies of vibration of the atom On the theory I have 
outlmed, it is to be anticipated that this term should be very small, and it is 
difilcult to account for the magnitude of the effect observed experimentally by 
him In making the statement that elements of the same nucleus charge should 
have the same spectra, 1 am quite aware that this can be only approximately ihe ease 
There should always be a small difference in the frequency of vibration due to the 
mass of the nuolous, and no doubt the magnitude of this term will depend upon 
the relative masses of the two atoms, which have the same nucleus charge 
According to our present views, however, this effect should be very small, and 
for a heavy atom should not amount to more than 1/100 of an Angstrfim unit In 
my remarks I did not discuss at all the very thorny question of the outer distri- 
bution of electrons There is no doubt that in a heavy atom this distribution is 
very complex and will be difilcult to calculate with oertamty 

I am very glad that Prof Nicholson has given us his views on the origin of the 
spectra, and was very interested m hu disoussiou of how far the theories of Bohr 
are apphcable, and how the results given by Mr Moaelqr be mterpreted. 
Even supposmg that our fundamental assumptions are right about the nucleus and 
the importance of the nucleus charge, I think it wiH be some time before we shaU 
be able to enter with any detail mto the very complicated question of the eleotrcmie 
distribution of a heavy atom There are so many possible modes of arraagement 
of the iriectrons, and there » always the unoertaanty that we do not know eom- 
{detejy the laws which govern the influence of one electron on another. Obvfcmily 
very many possibflities will have to bo considered before we can hope to obtain a 
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sati^iory explanation. Any atruoture whioh u asaumed muat explain not only 
the general ohenucal and phyaical properties and the apectra of the elements^ but 
also the ma^petie propertiea of the atom,* to which I am glad attention haa been 
directed by Prof Silvantia Thompaon and Or Allen 
I am afraid that I have already taken up too much of your time in this 
diBCuaaion I personally take a very great mtereat m this subject, and to-day I 
have tned to give you briefly my general Vienna and the theonea on which many 
of U6 are worbng to-day I am glad that we have had such an interchange of 
views on some of the mam problems of atomic structure, and that there is com- 
paratively so much agreement in regard to the central point of the atom 

£ B 


* [Add^d June 10| 1014 — It muat be boroe m muid that the magneiistn of iron end niekel are 
Tery muoli affected by tlieir physical and ohemioal state and their combination with other 
substances It thus appears probable that the intense magnetio effects of iron and ciokel are in 
some way connected with the arrangement and motion of the electrons near the surface of the 
atom, and are only indirectly connected with the interior stroctura of the atom — £ K ] 
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Theoretical Part 

The mveetigation of the crystalline properties of the simpler organic 
bodies, gaseous or liquid at ordinary temperature, has been described m 
Farts I and II * In this paper the experimental results will be dnonssed 
with regard to their bearing upon the problem of the relationship between 
molecular constitution and crystal ^mimetry. 

In order to facilitate a comparison the experimental results are summarised 
in the table on p 2, 

As seen hrom the table, more than 60 per cent of the substances 
investigated are polymorphic, and to this dass nearly all the substances 
which emtain only one carbon atom belong The question therefore arises 
which one of the crystalline modifications of a substanoe is to be compared 
with the one or the other form of another substance, or with the crystals 
of a substance of which only one modification u known In most of the 
oasM investigated very little is known with regard to the modification stable 
at low temperature, and thus for practical reasons <mly the form orystal- 
liaiag directly out of the liquid state can be taken into account. Also, from 

* ‘ Boy. Soe. Froon' A, voL 86, p. 864 (1918) , and veL 89, p. 817 (1918). 
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Crystal Symmetry and Moheular ConsiUution. 3 

a thecmtioal point of view, it seems that, in a oompatuon between the 
molecular structure and crystal form of a body, the modification which 
crystallises directly out of the liquid state or, in oases of monotropy, the 
modification of higher melting point, which is the stable form, should in 
the first place be taken into account, as it seems probable that the crystal- 
line modification in equilibrium with the liquid at the melting point 
corresponds to the molecules predominant in the liquid and gaseous states 
In most cases where the complete crystallographic investigation of a 
substance is given in the hterature the crystals investigated have been 
obtained by crystallisation from solution, either at room temperature or at a 
temperature only slightly higher. The crystals investigated are therefore 
often not those which are obtained directly from the liquid state, but 
correspond to another crystalline modification An instance of considerable 
importance may serve to illustrate this Carbon tetrabromide is given in 
Groth's handbook as being monochmc, since the crystals obtained at room 
temperature from solutions are monoclinic On heating, these crystals 
change into a regular form at + 46°, and the regular form melts at ordinary 
preBsuies at 92 5° Therefore in the table given here carbon tetralwomide 
18 mentioned as regular, but dimorphic Gases like this are numerous, and, 
in order to enable comparisons to be made, all substances which are quoted 
111 this paper have been mvestigated optically at a temperature immediately 
below the melting point, with a view to ascertammg whether the modifica- 
tion described in the literature is the one formed directly out of the liquid 
condition, or whether it is another polymorphic modification 
In the first senes of results published on the investigations of bodies 
gaseous or hquid at ordmary temperatures, it has been bnefly pomted out 
with legai'il to the optical method of deternuning the crystal system of a 
body that it is, of course, not in all cases possible to detenniue by such 
a method to what crystal system a body belongs, as the crystals of some 
substances incline to grow only in oertam crystallographic directions It 
will be noticed from the summary of the experimental results that it has, 
as a matter of fact, not been possible to detenmne in some mstances to 
which crystal system a body does belong, but that two or three alternatives 
are given It seems, therefore, fitting at this stage to point out that the 
crystal-optical method, although it gives results which in most cases render 
the ezaet determination of the crystal system of a body possible, and also 
gives valuable information about the general properties in the solid state of 
substances gaseous or liquid at ordmary temperature, is not mtended to 
replace an ordinary crystallographic investigation, but to be used in eases 
which hitherto have been entirely inaccessible to orystallogr^hic research, 
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although from the point of view of general chemistry they are of great 
importance. The experimental results of this investigation and tim 
theoretical conclusions drawn from them have to be judged from this point 
of view. 

Dtmimon of BemlU 

(a) Compounds eorUaimng One Carion ^toni.--*In order to facilitate 
discussion the compounds containing one carbon atom will be dealt with 
first, and tlui substances containing several carbon atoms will then be 
considered In view of the tetravalency ot carbon, methane may be 
regarded as the parent substance from which all the other carbon compounds 
may be derived by substitution of the hydrogen atoms The tetra-substitution 
products of methane, in which all the substituents are equal among them- 
selves, may further be regarded as being equivalent with methane from the 
point of view of the architecture of the molecule The question therefore at 
once arises whether to this highest degree of symmetry of the chemical 
molecule there corresponds a crystal form of hq^ symmetry, irrespective of 
the nature of the atoms attached to the carbon atom, or whether the 
character of the four atoms attached to the carbon atom determines the 
crystal form of the compound This is, of course, only a special instance of 
the general question whether the crystal form is on “ additive ” property 
depending on the specific properties of each constituent which makes up the 
compound, or whether the crystal form is a “constitutive” property, 
dependmg not on the specific properties of the constituents but on the 
constitution oi the compound 

Carbon itself is known in two crystalline modifications, diamond and 
graphite, the one regular, the other hexagonal. In the carbon tetra- 
compounds, methane, carbon tetrachlonde, carbon tetrabromide, carbon 
tetra-iodide, tetranitro-methane, and tetramethyl-methane, the carbon atom 
IS associated with hydrogen, which in the elementary state crystallises in the 
regular crystal system,* with chlorine which is orthorhombic,t with bromine 
which 18 orthorhombic,} with iodine which is orUiorhombio, but which has 
besides been observed to occur in a monoclinic modification, and lastly with 
die — NOs and — CHs groups, of the eventual speoifio crystalline properties of 
which nothing can be said All these compounds have been proved to 
crystallise as regular ciystals out of the hquid state If the specific crystal- 
lographic properties of the atoms as they appear m the elementary state — 

• ' Soy. Boc. Proe.,' A, voL 8S, p. 64 (16U) 
t ‘ Boy Soa Proo.,’ A, rob ^ 680(1616). 

} ‘ Boy. Boa Proa,* A, v<d 88, js 666 (16MX 
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or, more correctly, the forces which sot to make an element etystaUise in a 
certain manner — would also determme the ciystal system of the oompounds 
of this element, we should expect that out of the above compounds only 
methane would be regular, but that on the other hand carbon tetraohlonde, 
as bemg built up out of one atom which in the elementary state is regular, 
and four atoms which in the elementary state are orthorhombic, would 
show a less degree of symmetry and be rhombic or possibly tetragonal 
From the fact here established that all these oompounds crystallise in the 
regular ciystal system, the conclusion must be drawn, that the specific 
ciystal form of an element does not determine the crystal form of its 
compounds, that is that 

The crystal form is not an additive property of matter 

The same conclusion may also be drawn from the circumstances that the 
oxides of carbon and several other oxides are regular, although oxygen, as 
has recently been found,* does not crystallise in the regular crystal cystem 
The above does not imply that the pioperties of the atoms themselves as 
manifested in their crystalline form in the elementary state, or the forces 
which cause them to crystallise in a certain fonn m the elementary state, 
have no influence at all upon the crystal angles or the crystal form of the 
oompounds On the contrary, it seems almost certain that this is to some 
extent the case, at least in a secondary way 
We may proceed to discuss the mono-, di-, and tn-substitution products, 
in which the substituents are identical among themselves, on the assumption 
that the crystal form is a constitutive pioperty The mono>substitution 
products CHsBr, CH 3 I, GHaNOj, have been found to be monodimc, CHjCI 
rhombic or monoolmic, and OHa-OH monochuic or tiiclmic The di-sub- 
stitution products CH 3 GI 3 , GHaBrg, GH|Is, have been found to be ortho* 
rhombic, the tn-substitution products GHGU, GHBrt, GHI«, hexagonal 
Di- and trimtro-inethane have on account of their instability not been 
investigated No otlier di* and tn*sabstitation products of methane which 
do not contain larger groups than the methane nucleus itself we available 
for comparison 

We thus observe that when one hydrogen atom in the reigularly crystal- 
lising methane is substituted by some other univalent atom or group, the 
resulting compound crystallises in one of the crystal ^sterns of comparatively 
low symmetry. By such a substitution the symmetncally built molecule of 
methane, oonsiatuig of one carbon atom with four hydrogen atoms* grouped 
around it^ is ohanged into a highly unqrmmetnoal molecule in which the 

* <Bey Soe Proo.,’ vd. 88, p (1918). 
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carbon atom is surrounded in three directions of spaoe by three hydrogen 
atoms and m the fourth by a inuoh larger atom or group If, then, one more 
hydrogen atom is substituted by an atom *or , group identical with the first 
substituent, the contrast in the molecule produced by the introduction of the 
first substituent becomes diminished, the molecule in this case consisting of a 
carbon atom surrounded by two pairs of atoms identical between themselves 
As a result the crystal form of these di-substitution products shows a higher 
degree of symmetry, being orthorhombic, than that of the, mostly monochnic, 
mono-Bubetitution products. By introducing a third substituent, the sym- 
metry of the molecule is further increased, os it now consists of the central 
carbon atom surrounded by three large atoms, which are identical lietween 
themselves, and the remaining hydrogen atom The predominance of the 
three substituents manifests itself in the hexagonal crystal form of these 
bodies If then the last hydrogen atom is similarly substituted, we obtain 
the tetra-snbstitution product with a symmetrically built molecule similar to 
methane itself All these tetra-substitution products crystallise m the regular 
system similarly to methane The crystal system of the substitution products 
of methane is thus entirely dependent upon the symmetry of the chemical 
molecule itself, and all the changes in the symmetry of the molecule which 
take place as a result of a substitution in the molecule of one univalent atom 
or group by another, are reproduced by a corresponding change m crystal 
symmetry The conclusion may therefore be drawn that 

Tke cryjstai sywmrfi'y of the simple carbon compound is a constitiUive 
property, whnh w ddermmed by the symmetry conditions of its chcmicai 
moteoole 

The remaimng one-carbon-atom compounds contain the divalent atoms 0 or S. 
The atoms of tlu^se molecules he m one plane, and it is not possible to speak 
of a greater or leas degree of symmetry m the build of such molecules as they 
are m themselves of so simple a constitution It is therefore not surpnsmg 
that molecules like CO and CO3 crystallise m the regular system. It might 
be expected that OSa should orystalhse in a similar way to CO*, but this is not 
the case, the CSa crystals possessing a low degree of symmetry COS again 
stands intermediate between CO^ and CS* with r^ard to its crystal symmetry. 
COCIi, however, is not intermediate between CO3 and CCI4, as these are 
both regular while COCU is tetragonal or hexagonaL 
(b) Qmmd ConeidmUums regarding the Properties and the Symmetry 0/ the 
Chemteat MciUeuk — In the above discoeeion of the relationship between the 
molecular symmetxy and the crystal symmetry of the one-oarbon-atom 00m* 
pounds, the chemical molecules have been dealt with as structures capable of 
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poaseBsiiig a definite degree of symmetry * This does of oourse not imply 
that the atmns are thought to occupy an absolutely fixed position in a kind of 
rigid structure forming the molecule. In order to be able to assign to a mole- 
cule a definite degree of symmetry, it is sufficient to assume, firstly, that the 
atoms inside the molecule are attached to the central carbon atom and drawn 
to this by the four valency forces of the carbon atom acting in conjunction 
with the valency forces of the atoms attached to it, and secondly, that the 
atom of each element occupies a certain definite amount of space within the 
molecule, which space may lie styled — using a term already used in a similar 
sense by Barlow and Popef and by Biohards^ — the ** atomic sphere of 
influence ’’ In this way is produced an assemblage of atoms, or atomic spheres 
of influence, packed as closely to each other as possible The questions as to 
how the atom itself is built up and of whether the material mass of it occupies 
the entire space of the sphere of influence or not, or whether the material 
mass 18 in motion or remains motionless inside the sphere of influence, are 
immaterial to the present discussion of the symmetry of the chemical mole- 
cule It might, however, be pointed out briefly that, from the point of view 
of the oorpuscular theory ,§ it is not improbable that the atoms themselves 
remain comparatively at rest, relative to each other, inside the molecule 
which vibrates as a whole We must assume that the oloctrons of which tlie 
atoms are built up, accordmg to this theory, are involved in strong rotation, 
and that this rapid rotation of the electrons acts gjroscopically, giving 
stability to the position of the atoms From such a conception of the bmld of 
the atom follows a comparatively stable mutual arrangement of the atoms 
inside the molecule 

There is further the question of the crystal molecules to be considered. In 
crystallography a distinction is often made between the obemical molecule 
and the crystal-molecule/’ which is supposed to be composed of a great 
number of chemical molecules. No experimental proof exists as to the 
existence of such ** crystal-molecules’' or as to their size measured in 
numbers of chemical molecules However, if such ciystal-molccules " 
exist, the discussion in this paper would not be m any way influenced 

e With regard to earlier diecusnons on the iTminetry of chemical molecules, compare 
Ia Belt * Bull Soa Ghua * (3), voL 3, p 790 

t Barlow imdFope, ‘Cbem. Soe. Joum,,’ toI 89, p 1675 (1906) , and vol 91, p 1150 
(1907). 

t Biffharde, * Zeitachr. Flqra Ohem.,’ vol 40, pp 169 and 597 (1903)^ 

g Compare J J Thomson, **The Structure of the Atom,** Mag,’ 1904, p S37. 
Kegaokat 'Fbil Mag,’ 1904, p 446 , J W Nioholaon, *Month KoU Boy. Astro Soc,* 
voL 73, p 49 (1913) ; E. Butheiford, * FhiL Mag.,* May, 1911, p 669, and October, 1912, 
p461. 
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thereby, sinoe the “ ciyetal-moleoirles " most be thought of es beiag email 
crystal units of the fully developed crystal itself, and consequently as 
belonging to the same crystal system arthis All tint applies to the 
relationship between the chemical molecule mmI the crystal form of the 
compound would therefore also be apphcable to the relationship between 
the chemical molecule and the “crystal-molecule" 

In the preceding discussion on tlie compounds containing one carbon 
atom the symmetry of the chemical molecule has been dealt -with in a 
quite general way The symmetry of a molecule may, however, be defined 
more precisely by adopting the definitions of symmetry which have been 
developed in the study of crystals * If we now consider the carbon com- 
pounds oontamiug only one carbon atom, which have been investigated 
here from the point of view of the kind of symmetry-elemente by which 
they are characterised, we observe that methane, CCI4, OBr«, and CI4, 
represent what we may call the tetrahedral case of symmetry, the molecule 
containing four three-fold and three two-fold axes of symmetry, and 
six planes of symmetry A crystal of the corresponding degree of sym- 
metry belongs to the regular system, m which the above substonoes 
accordingly have been found to crystallise The molecule of a compound 
like 0(N0i)« will be characterised by the same elements of symmetry as 
OH4, since the three atoms in the nitro-group must lie in a smgle plane, 
and will therefore not alter the symmetry of the molecule when introduced 
instead of H or the halogens That this body CN 4 OS crystallisea m the 
regular system is therefore of considerable interest 

In a tetra-suhstitution product of the type CB4, each of the four sub- 
stituents oooupios an equal amount of space, and whether the total amount 
of space jointly occupied by the four substituents is the same as that occupied 
by the four hydrogen atoms in methane or not, or whether the sphere of 
influence of the central carbon atom is altered on account of the mutual 
forces attracting the atoms to each other (the valency forces), or on 
account of the close packing of the atomic spheres of influence, or not, 
the symmetry oC the molecule remains the same But if a substituent X 
of differeut nature is introiluoed the question arises, whether tins occupies 
an amount of space different from that of B (t.e, a different atomic 
volume) or not, and whether the spedfic properties of the qpbere of 
influence of X will in some respect alter the e^teree of mfluenee of die 
earhon atom and of the three remaining atinns B. Supposing that die 

* The diAution cS the synuastry tews and th« tsnainology of dw oynaMlty 
dements, m given in Oroth's ' Fhydkdieehe Kristdlogpeqiliie,’ will be fdlowed here. 
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«al»tittient oooupies the same amount of space, then clearly the symmetry 
would not be altered m any way, and m consequence we nug^t expect 
to find all the simple substitution products of methane regular, as is 
methane itself and its tetra-substitution products of the type CB 4 . Thu 
u, however, not the case, and we must therefore conclude that a substituent 
X introduced into the molecule will either not necessarily occupy the same 
amount of space as It, or tliat it will affect in some way the sphere of 
influence of the carbon atom. 

It the substituent X only occupies a different amount of space, but does 
not alter the sphere of influence of the carbon atom, then all such substitution 
products, CItaX, would possess a molecule of trigonal symmetry,* and we 
might expect these substitution products to ciystallise in the trigonal (or 
hexagonal) system, and to differ from each other principally in tlie ratio 
between their pnncipal axis and their lateral axes If, howeier, the 
eubstituent affects the sphere of mfluence of the carlxm atom, on account 
of the mutual attraction between these atoms, the sphere of influence of 
the carbon atom and proliably also that of the substituent itself will be 
'deformed, as a result of which the valency direction C — X may be altered 
as compared with the corresponding valency direction in the molecule CB 4 
The molecule of the substitution product CltaX u ill in such an event ]iosBei«* 
'Only one plane of symmetry but ho axes of sjmmetiy', and we may expect 
such a Itody to crystallise in the monoolinic system. 

Now the experimental results show that the substitution products of 
methane of the type CHaK are, as a rule, monoclmic, whereas the sub- 
«titution products of the type CHKa are hex^onal (or trigonal) That is, 
when the atomic volume of the group X in CBaX is large oompaieil with 
that of B (B in tins case s H) and of C, such a distortion of the direction 
of the valency-force 0 — X takes place, but when the atomic volume of the 
'group X IB small compared with that of B (B in this case s Cl, Bi, I) 
no distortion of the valency direction C — X manifests itself in the crystalhne 
form of the substitution products 

From the difference m crystal form of the mono-substituents exomuieil 
from that of the tn-substituents, we thus amve at the condusion that . 

the properties (mass) of the four atomic spheres of influence connected 
with the carbon atom influence, to some extent, the sphere of mfluenoe 
of the carbon atom, whereby the symmetry of the molecule may be 
aflfeoted. The specific properties of the atoms eonneoted with the 
carbon atom thus indirectly influence the crystal form of the body 

* Cm tngoDal axis of symmotry psssiag tiirough 0 and X, aad three piaaee of 
synmetry peming titrongh tUe axle. 
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If we then turn to the di-substitution piquets, we again find that if the 
substituenta X m a body CKaX) occupy the some amount of space as the 
atoms B, and do not influence the sphel'e of influence of the oaibon atom 
in a different way from B, then such a di-substitution product ought to 
be regular If, however, the volumes occupied by B and by X are differentr 
or if the effect on the atomic sphere of influence of the central carbon 
atom 18 of a different order, the molecule CB^X$ will show orthorhombio 
symmetry, and possess a two-fold axis of symmetry and two planes of 
symmetry which pass through the axis, but which differ one from the 
other This is what actually takes place, the diHSubstitutiou products 
investigated have all been found to be orthorhombic 

The conclusions we arrive at as to the mutual influence of the sphere of 
mfluence ” of the diffeient atoms upon each other are not surprising, from* 
the point of view of the theory of the compressibility of the atoms which 
has been put forward by Kichards,* and which has been shown by him 
to explain in a satisfactory way so many ot the phenomena connected with 
the piopeittes of the atoms f In fact, the results given here may be 
regarded as forming a further proof of the value of the theory of com- 
pressible atoms as applied to the study of crystalline form, a value which 
has recently been pomted out by Biohards in a paper on “The Chemical 
Significance of Crystalline Form'*^ In all the examples of bodies of the 
type Cfi^X studied here, the difference between the atomic volume of 
any of the substituents and that of hydrogen is very large, all the 
substituents also having a larger atomic volume than tlie carbon atom 
Theie are, however, at present, not sufficient experimental results available 
to peimit of the question being answered as to whether the bulk of an 
atom, in itseli, is suflieient to cause a deflection of the direction m which 
the valency force of the carbon atom acts from the direction in a regular 
tetrahedron, or wliether the specific properties (build, shape) of the atom 
are the real cause of this defieotion § Since the compressibility of the 

* Th W Rithai-ds, ‘ Zeitschr Phya Chem ,* vol 40, pp 160 and 507 (1002) 

t Th W Bicharda, “ Faraday Tiseture," ^Chem. Soc Joum vol 00, p 1201 (1911). 

J Th W Ku*harda, ‘ Anier diem Soc Joiirn lOlS, p 381 

g It may alao Iw pointed out that the crystal syetems are not separated from each 
other 111 any very distinct way, but that forma which show a “ paeudo-aymmetiy ” of a 
higher a>Btem often oocur There are forma which keep a kind of mtermediate poaition 
between several other forms, and a amall distortion in one or the other reapeot therefore 
in Buch oasea iu sufhoient to bring about a change to either a higher or a lower degree of 
symmetry The case of a trigonal pyramid is of special interest, and may therefore be 
quoted as an example a alight distortion in one direction may lead either to a regular, 
an orthorhombic, or a monudinie symmetry In large moleotilei espedally we masb 
expect that alterations in the oiystal symmetry may take place, for exM&pie, when 
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elements, as Biohards has shown, is a penodio fnnction, jnst as the atomic 
volume IB, we may also expect that the mfluence which a substituent has 
on the crystal symmetiy will not alone depend upon its absolnte mass but 
may be a periodical function of the mass. 

(o) Compounds containing Several Cation Atonu . — ^When the simplest 
carbon radical, the methyl group — CHg is successively mtrodnced into the 
methane molecule, taking the place of tlie four hydrogen atome, we obtain 
ethane, propane, tnmethyl-raethane, and tetramethyl-methane As seen 
from the table on p. 2, ethane is hexagonal, propane probably ihombio, 
tnmethyl-methane hexagonal, and tetramethyl-methane regular The 
crystal symmetry of these hydrocarbons corresponds thus to the symmetiy 
of their molecules In this case the monosubstitution product and the 
trisubstitution product are both hexagonal (or trigonal) The molecule of 
ethane is peculiar in this respect, that the substituent is identical with the 
remaining nucleus of the compound into which it enters, and a molecule of 
this kind consequently possesses a higher degree of symmetry than any other 
monosubstitution product GHaK. 

In the case of longer carbon chains, a different degree of symmetry may m 
many instances be ascribed to the molecules, depending upon the view 
taken as to which part of the molecule may be regarded as a substituent, for 
example, propane may be regard'ed — as it is above — as dimethyl-methane, 
that IS, as a di-substitution product, or as ethyl-metliane GHa.GjHa. In the 
first alternative the symmetry of the molecule would !« orthorhombic, in the 
latter raoiioclmic. It seems that, m cases like this, it is correct to assume 
that the molecule really possesses the highest degree of symmetry which 
can be allotted to it. The symmetiy of a long caibon chain will also 
largely depend upon the actual way m which the atoms in such a chain are 
close packed. Of the hydrocarbons contammg such long chains, »-butane 
crystallises, similarly to ethane, m the hexagonal system, a-hexane and 
n-octane ore, however, monoclinio or tndimc The experimental results 
with regard to n-pentane and n-heptane are less definite, but, in any case, it 
seems certain that the normal hydrocarbons containing more than four 
carbon atoms all crystallise in the systems of least symmetry It is 
remarkable that the two lowest members of the senes containing an even 
number of carbon atoms should agree in their crystallme form and differ 
from the members contammg an odd number of carbon atoms. This forms 
an analogy with their behaviour as regards (heir melting pomts, the lower 

substituont of nuyminetrieal buld is Introduced m tbe place of a STUunctncally boilt 
mdioai, or when an atoin of groat atomic volume is introduced in tiie {dsoe of one of 
anon atonk volnmc 
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members of the series forming two different groups, the senes with aa eveti 
number of carbon atoms melting, as is well known, at a oomparatively bighm 
temperature than the series with an uneven number of carbon atoms in the 
molecule 

In tetramethyl-methane each of the four groups oonneoted to the central 
carbon atom is m itself a body m space As, however, the group — CH* is 
syinmetncally bmlt, the symmetry of the methane inoleonle is not diminished, 
but 18, on the contrary, incre^d. That tetramethyl-methane crystalliaee 
in the regular system may therefore be regarded as an important confirma- 
tion of the theory. If one of the hydrogen atoms in each of the methyl 
groups were, however, substituted by scune other atom or group, we might 
expect that the resultmg product would not orystallise m the regular system, 
as the four groups in themselves would then no longer be of symmetnoal 
build We may therefore expect that tetra-ethyl-methane and tetra- 
propyl- or isopropyl-methane would not be regular, while tetra-tertiary- 
butyl-methane e^ain would be regular. These hydrocarbons have not yet 
been prepared synthetically The penta-eiythnte G(CHaOH)4 can, however, 
be regarded as tetramethyl-methane in which one hydrogen atom m each 
of the methyl groups has been substituted by the — OH group, therein 
rendenng these four groups unsymmetncal m build As a result thereof, the 
molecule contams only one four-fold axis of symmetry and four planes of 
symmetry, instead of four three-fold axes, three two-fold axes, and six 
planes of symmetiy. Now, penta-eiythiite crystallises in the tetragonal 
system, which is entirely m accordance with the existence of a four-fold 
axis of symmetry in its molecule With r^nard to the tetra-etbyl-etbw of 
the orihooarbonio acid 0 (OCHiCHs)i, the case is very similar The 
introduction of the ether-oxygen atom would probably not alter the 
symmetry of the molecule as compared with C(GHt)4, but the — CHiOHs 
group IS not of symmetnoal build, and, in consequence, the molecule 
possesses only one four-fold axis of qrmmetry and four symmetry planes 
In accordance therewith the ether is tetragonal, bat the analogy in build of 
the molecule with that of tetramethyl-methane is also indicated by its 
pseudo-regulanty, The methyl-ether of orthooarhonio acid would probaUy 
be found to crystallise m the regular system, but this body has not yet been 
prepared 

In the class of the alcohols, the tnmethyloorbinol is (d interest, as its 
molecule contains a three-fold axis of ^mmetry. lu aooordanoe hecawiA it 
crystallises in the hexagonal system. Of the ethers, the aunpleet, die 
dimethyl ether CHfrO.CHsk is rhombic It is built very similarly to ethane, 
but on account of the introduction of the 0 <atom dw atoms in die nMdeeuk 
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oannot, probably, be close packed m as symmetnoal a way as in the case of 
ethane, the result of whioh is that the ether crystallises in a system of lower 
sjrmmetry than ethane. If one of the hydrogen atoms is snbatituted by a 
methyl group, we obtain the methyl-ethyl-ether m which the symmetry plane 
passing through the 0-atom of the dunethyl-ether no longer exista This 
ether is monoclmio. When a hydrogen atom in the other methyl group is 
then substituted by a methyl group, the two groups connected with the ether- 
oxygeu again become similar; the substitution product, the diethyl-ether, 
crystaUises in the orthorhombic system. The influence of the degree of 
symmetry of the chemical molecule on the erystal form of the substance is thus 
distinctly shown by the ethers also. 

Amongst the unsaturated hydrocarbons, ethylene is monoolinic, but 
acetylene regular The atoms m acetylene will, on account of the triple 
Imking of the carbon atoms, probably all lie m one straight line, and it is, 
therefore, not surprising that this body erystaHises in a symmetnoal way. 
This IS also the case with other simple compounds oontaming a triple linking, 
thus KC N 18 regular Acetylene-di-iodide, Cl Cl, as obtamed from 
solutions at ordinary temperature, is rhombic , this is, however, probably a 
modiOcation corresponding to the double-retracting modifioation of acetylene 
which IB stable at low temperature , 

Ethylene occurs only in one modifioation, whioh is monodimc, and so are 
also ethylene di-iodide, CHICHI, and ethylene tetra-iodide, ClaCIs, as 
obtained from solution at ordinary temperature Ethylene and the tetra- 
iodide contain only substituents whioh are identioal among themselves. The 
cause of the low degree of symmetry of the crystal form of these two bodies 
must therefore be sought in a deforming influence of the ethylene Imk 
Further experimental evidence u, however, desiTable on this special pomt. 

Of hydroaromatio hydrocarbons, only tnmethylene, hexamothylene mid 
methyl-hezamethylene have been investigated, as the other polymetbylenes 
are unfortunately not easily accessible, and it would mean too great a loss of 
tune to prepare them specially for an investigation of ^ present kind 

In trunethylene, the three carbon atoms forming the nng must neoessaniy 
lie in one plane, uid we must in consequence expect the molecule to possess 
one tngonal axiaof symmetry and to orystaUise in the trigonal system As 
far as tlie optical investigation enables us to conclude this is also the case 
Hexamethylene is regulm. Of the heza-substitution products C«H«Cle and 
0 (HsBf« both ds-forms and trana-forms exist The form of the hexachlonde 
whioh is described as the " ois-form ” is pseudo-regular, and the form desonbed 
as the " tnuuhform ” is monooUnlc. The form of the hexacUonde which is here 
refttied to as "pseudo-regular" is one of thoee bodies of which it is, on 
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account of the optical anotnahes it exhilnta, extremely dithcult to aay to which 
of two crystal systems it really belongs The crystals, as measured gonio- 
metrically, are regular, but the optical propetties indicate that they are 
hexagonal The corresponding form of the hexabromide is regular also in its 
optical propertiea There are evidently in thu case quite special circumstances 
— ^probably connected with the way the atoms in such a molecule may be close 
packed — which render it possible for the molecules to assume a higher degree 
of orystallino symmetry than the hexagonal which would correspond to the 
actual degree of symmetry of the molecule if we assume that the six carbon 
atoms all he in one plane If one of the hydrogen atoms in such a molecule 
of hexagonal symmetry is substituted the symmetry is changed to monochmc 
An example thereof is furnished by monomethylhexamethylene, which actually 
18 monochmc 

We then pass over to the aromatic compounds. Benzene itself is ortho- 
rhombic. Toluene is also orthorhombic, and thus substitution of a hydrogen 
atom by a methyl group does not affect the crystal system A di-substitntion 
in the para- position, however, distorts the orthorhombic symmetry of tiie 
benzene nucleus para-xylene is monochmc If several methyl groups enter 
into a symmetrical position in the benzene molecule, the crystal ^mmetry 
u not changed , mesitylene and hexamethyl-benzene are orthorhombic 

From the composition CtHa. one might expect that benzene iteelf should 
be hexagonal It is, therefore, probable that the double links, or whatever 
may be the peculiar disposition of the valency forces in the benzene nucleus, 
here, as in the case of the ethylene denvatives, are instrumental in bnnging 
about a lower degree of symmetry of the moleonie than that which it might 
be expected to have As the build of the benzene nucleus itself is not 
altered by substitution of the hydrogen atoms, and as the phenyl group, 
moreover, is a group of comparatively laige mass, those circumstances which 
affbot the symmetry of lienzene itself will also mamfest themselves m their 
effect upon the symmetry of the compounds mto which phenyl enters as a 
substituent If we thus consider the successive substitution products of 
methane in which the phenyl group is the substituent, we have toluene, 
GHa-CeHe, diphenylmethane, CHt(CeH5)a. triphenylmethane, CH(G«H|)i, and 
tetraphenylmethane, C(OeHs)t, which are all orthtwhombie In all these 
oases the nucleus of the parent substance is very nnall in oompanson with 
the phenyl group or groups, and it is therefore of very Uttle morphotr(^i<^ 
influenoe on the symmetry of the phenyl gtoupe, whioh remains domhaant. 
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Isomm’phitm, Morphotropy, and Emnlmaorphtm, from, the Point of View of 

the Theory 

In the introduction to Part I of this paper* it was pointed out that 
the phenomena of isomorphism, of niorphotropj, and of enantiomorplusm 
«ach indicated the existence of a general relationship between the crystal* 
line properties of a substance and its chemical constitution, although 
euihcient data were not previously known which might have served to 
establish a theory, correlating and explaining the evidence as estabhshed 
separately by these phenomena If the theoretical views on the mter- 
dependence of the chemical constitution and crystal form of the simpler 
organic bodies arrived at in the preceding chapters are correct, they must 
not only enable us to give an explanation of the isomorphism of complicated 
bodies and of the phenomena of morphotrcpy and of enantiomorphism, but 
also of the mutual relationship between these three phenomena. 

If we compare two isomorphic bodies with one another, we find that their 
molecules differ only in this respect, that an atom of a certain element in 
one IS in the other replaced by an atom of a chemically related element 
The general architecture of the molecule and its symmetry are not affected 
by such a substitution If, however, instead of an atom of the same valency 
and of similar properties an atom of a different valency and of different 
nature altogether is introduced, then the atomic spheres of influence of the 
other atoms m the molecule will be sufficiently afiected to cause changes of 
a more general kind in the symmetry conditions of the molecule, and the 
product will, in consequence, no longer bo found to be isomorphic with 
the parent substance The phenomena of teomorphtmn are thus Kejdamed by 
the fact that elements which are able to replace each other tsomorphiealiy are 
mfiaently similar to ea/use no alteratton oj the symmetry of the moUcvle when 
replacing each other. The atoms replacing each other isoraorphioally have, 
however, a different atomic volume, and we must therefore expect that the 
amount of space they occupy will manifest itself in the crystal dimension 
of the bodies Now this is exactly what happens m isomorphic senes The 
exact measurements by Tutton have shown that the change m crystalhne 
dimensions of isomorphic bodies may, even to their numerical value, be 
deducted from the space occupied by the atoms which replace each other 
isomorphically. 

In an entirely analogous way the phenomena of moiphotropy are exidained 
by the theory of the interdependence of crystal symmetry and molecular 
symmetry. If an atom or radical in a comparatively large mdecule is 

* * Boy. Soo. Froc.,’ A, voL 66, p 364 (1913X 
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replaced by another atom or radical, a more or leas strong deformation of 
the atomic spheres of influence takes place aooording as the new substitnent 
18 more or less similar to the onginal one. The anbstitation will manifest 
itself in a gradual change of the crystal form to a form more and nune 
different from that of the onginal parent eubetanoe, ae the substituent 
becomes more and mote different m character or degree of symmetry from 
the original substituent, or as the mass of the substance becomes larger m 
companson with that of the nucleus into which it enters. 

These circumstances afford also the explanation of the fact that some 
bodies of a rather complicated constitution orystallue m the regular crystal 
system , they contam a comparatively laige number of atoms and radicals 
distributed m a way which makes the molecule sufficiently symmetncal to 
cause it to crystalhse in the regular crystal system, and the unsymmetncal 
groupings of atoms which may be contained m such a molecule are not of 
sufficient “ morphotropic influence” to cause an alteration of the general 
symmetry of the molecule as mamfested m its crystal form. 

Lastly, with regard to the enantiomorphism, Pasteur was the first to 
prove that substances which in tiie liquid or dissolved state are able to rotate 
the plane of jiolansation crystallise m enantiomoiphic forme. Beoke then 
showed that, independently of the crystal system m which a substance of 
this kind crystallises, such enantiomorphic forms always belong to one of 
those nine crystal classes which contam neither planes of syametxy nor 
planes of compound symmetry but only axes of symmetry.* Becke also> 
pointed out that a chemical molecule which contains an "asymmetric carbon 
atom ” m the sense of van’t Hoff and Le Bel is devoid both of planes of 
symmetry and of planes of compound symmetry. The enantiomorphism 
of optically active substances is therefore a further consequence of the 
general law of the mterdependence of the crystal i^mmetiy and tiie 
molecular symmetry, In this case it is the lack of ^mmetry of the 
molecule, which is reproduced in the crystals by a corresponding lack of 
planes of symmetry. The law of Pasteur, therefore, from this point of 
view appears as a special case of a general law. 

As the law of Pasteur holds good also with regard to mdeonles of very 
complicated build, of which it is not possible at present to say deflmtely what 
mutual arrangement the atoms occupy mside the molecule, we are justified in 
concluding that the general law of the mterdependence of molecular ejmenetry 
and of crystal symmetry apphes even to suoh complicated oases. As an 
example in which this is actually proved by mvestigatlon, the group of tiie 

* F Boolu, 'TicherDiak’iMmeralog.undPetri^ Mittefl/voLlO, p. 484,aBd voLl^ 

p see. 
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alums, (S04)iAl3Ks,24Ha0 (m which K s= Na, Li, Bh, Cs, NH4 , A 1 * 
Cr, Fe), may be quoted. The alums contaming the alkaline metals and 
aluminium or chromium all crystallise in the “ dyaku-dodecahedral ” class 
of the regular crystal system It is probably the disposition of the 24 HiO 
groups which gives the molecule a sufficient degree of t^mmetry to crystallise 
in the regular system, and the mutual arrangement of the atoms in the group 
AlaKi(SOt)t does not interfere therewith Crystals belonging to the dyakiB~ 
dodecahedral class of the regular system are characterised by three two-fold 
and four three-fold axes of symmetry and by three planes of symmetry at 
right angles to the three two-fold axes Ammomum alum crystallises similarly 
to the alkaline alums, and so does also trunethylamme alum. The active 
atnylamine almu, however, crystallises in the “ tetrahedral - pentagonal - 
dodecahedral ’’ class, which is oharactensed by the same number of axes 
of symmetry, but m which no planes of symmetry occur By the introduction 
into the molecule, in the place of the symmetrical CHj group, of the active 
amyl group, the general regular character of the alum molecule is thus not 
altered, but as the molecule can now no longer contain any planes of 
symmetry, this particular alum, as a consequence, crystallises in a class of 
the regular system devoid of symmetry planes 

The general results to which this investigation has led thus enable us to 
explain the phenomena of isomorphism, as well as of morphotropy and of 
enantiomorphism, as all depending on one and the same fundamental relation- 
ship governing the interdependence between the molecular constitution and 
the crystal form of a body, and which may be summonsed thus '‘The 
symmetry of the chemical molecule of a substance determines its crystal 
symmetry " 

General ConeideratuMa as to the QualiUUwe and Quantitative Side 

of the Theory 

The relationship between the molecular constitution and the crystal 
symmetry has been discussed here from the gmieral, that is to say, 
quahtative, point of view and the solution of the problem amved at 
IB also of a quiditative kind No common quantitative, numerical solution 
of this problem of course exists, but the mfluence of each radical or atom 
upon the numenoal crystalli^raphioal data has to be studied separately in 
each case, not only from the point of view of the effect produced by 
the substituent on the nucleus luto which it enters, but also with regard 
to tiie effect the nucleus produces on the substituent. Investigations on 
isaporphio and morphotropio senes furnish the numenoal data in each 
special case. 

TOUXO’-A 
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The mutual relation between the qualitaUve and quantitatave inter* 
dependence of molecular constitution and cfystal-fbtm is, m a way, similar 
to what 18 the case regarding the optical rotatory power of organic com- 
pounds. The theory of the “asymmetric carbon atom” solved this 
problem quite generally in a qualitative sense, but the determination of 
the actual numenoal influence of each atom, or group, on the total rotation 
of the compound meets with great difficulties 

Extmsfum of the Theory to Compounds other than Carbon Compounda 

The existing data oonoeming other tetravalent elements indicate that the 
theory developed here for the interdependence of molecular and crystal 
symmetry of the simpler organic compounds may be extended to other 
compounds, in a similar way as the theory of the asymmetnc carbon atom 
Thus the following compounds of the general type AB4 are regular S1I4, 
T1I4, Snii, IrCU, UCU, and the following compounds of the type AXtBi 
are orthorhombic Sn(CHt)fCli, 8n(C«H«)sCl,, Sn(C,HT)sCU. Sn(CHiKCHOt)i. 
Ifo data are available at present concerning compounds of the types AXSi 
and AXsB. Further investigations are therefore necessary, and the author 
mtends to extend this research to Si, Ti, Su, Pb, and other compounds 
However, the cases mentioned above make it already now almost certain that 
the relation expressed by the theoty is not limited to carbon compounda 

The Jiekttvmahxp between the Chemical Conridution and the Oeeurrence of 

Polymorphic ModificatwM 

With regard to the relationship between the ohenuoal constitution and the 
occurrence of polymorphic modifications, the following may be said already 
at this stage of the investigation Vorlander has shown, as a result of his 
elaborate investigations on the occurrence among orgamio bodies of liqno- 
orystaUine modifications, that the existence of such modifications is 
intimately connected with the occurrence of long carbon chains, and with 
the occurrence of para-substituents in the benzene nucleus. As the hquo- 
erystalline modifications must be regarded as a kind of polymoi|duo 
modifications, il seems not improbable that the ooounenoe of polymcaphism 
IS actually a constitutive property The existence of polymorphic modifica- 
tions of nearly all the simplest substitution products of methane confirms 
this view It further suggests that methane itself also mij^t be poly- 
morphic Methane was therefore investigated at liquid hydrogen temperatures, 
and it was found that an enantiotropio transitum mto a double-refcaoting 
modification really takes place at a very low temperature, quite analogously 
to what is the case with respect to the other carbon omnpounds <A the 
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(JBt — has, further, been noticed that the pomtiou of the transition point 
in the substitution products of methane relative to their melting pomt is 
influenced in a regular manner by the nature of the subetituent The 
transition pomts situated at low temperature have, however, so far been 
determined only quite approximately, and a more detailed disonasion of 
this question must, therefore, be postponed until more accurate temperature 
determinations have been made 

Before concluding this paper, I have to acknowledge the liberality with 
which the technical resources of the Davy-Faraday Lhboiatory, m which 
the investigation was earned out during the year 1912 and the earlier 
part of 1913, have been placed at my disposal I wish also to thank Sir 
James Dewar for the interest he has shown in this work, whereby he has 
greatly furthered its progress. 


On a Meteoric Iron from Winhurg^ Orange Free State. 

By W A. DouoLas Bvdob, MA 

(Gommunioated by Prof B Hopkinson, FBS. Beoeived October 10, 1913, — 

Bead February 36, 1914.) 

(PnaTie 1 ahd 8 ) 

Some account of this meteorite has been given in the * Transactions of the 
Boyal Society of South Afnca,’ 1912, vol 2. The present communication 
deals more fully with the internal structure of the meteonte, giving also some 
account of the mecbamcal and magnetic properties 

The meteonte was seen to fall in 1881 by some natives working on the Zeekoe> 
gat farm, belonging to Dr. Sohneehage. Thqr reported the matter to their 
employer, who ordered them to carry the meteonte to the farmyard, where it 
remamed some years, finally bemg sent to the Blcemfontem Museum. The 
meteonte measured 38 by 23 cm. along the two greatest axes and weighed 
nearly 30 kgrm. It was shghtly magnetic, having a number of poles. It 
will be convement to divide this paper mto sections, vjs 

(1) Deahng with the chemical composition. 

(2) „ „ internal structure. 

(8) „ „ medianieal properties. 

(4) „ „ magnetic properties 

c 2 
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1 Chemical 

The meteonto is not very uniform in (^mpositiQn, owing to the veuis 
of alloy which run through the mass, and a qualitative examination 
showed that it consisted mainly of iron and nickel, with some pulverulent 
carbon, wluch separated when the material was treated with dilute 
sulphuno acid Traces of phosphorus and sdieon were also present On 
solution of the metal in dilute acid the gas evolved was almost odourless, so 
that it seems unlikely that the carbon was combined The nickel does not 
appear to be uniformly distributed throughout the mass of the meteorite, as it 
18 possible to separate from the mass flakes of an alloy of iron and nickel, in 
which the proportion of nickel is far greater than that for the whole meteorite. 
The iron is probably present in two forms (1) as large femte crystals, and 

(2) in the iron-nickel alloy That present m (1) dissolves readily in dilute 
sulphuno amd, whilst (2) requires strong hydroohlonc acid to make it go into 
solution along with the nickel If a small lump of the metal is very slowly 
dissolved by sulphuno acid of about normid strength, flakes of the alloy, 
sometimes more than 1 cm in length and mostly triangular in shape, remam 
behind. These flakes are strongly magnetic and retam their susceptibility up 
to a red heat The quantitative analysis was directed to obtain information 
on the following points * — 

(1) The iron soluble m dilute sulphuric acid 

(2) Total iron. 

(3) Total nickel. 

(4) Nickel oontained in the flakes of alloy insoluble in dilute 

sulphuno acid. 

(1) This was ascertained by treating a weighed portion of the metal with 
dilute sulphuric acid, in a flask closed by a Bunsen valve, until all action 
had ceased, and then titratmg the solution withdeomormal bichromate m the 
usual manner The mean of twelve deterininatums gave 9067 per cent for 
the iron soluble m dilute acid 

(2) A weighed portion of the metal was heated for some fame with strong 
hydroohlonc aoid to which a very small crystal of potassium (ddorate was 
added, and tlie flask closed with a Bunsen valve, and aftor reduction with 
magnesium the solution was titrated with decmormal bichromate The mean 
of BIX determinations gave 92*54 per cent for the total iron. 

(3) The nickel was at first detsrmined Mocne's msthod as desonbed m 
Crookes's ' Select Ifethods,' p. 226, but oonnstent reaults were not obtained, 
and the method attributed to JamieMm,anddeecrihed in Suttcm’a 'Yolumetne 
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Analysis ’ at p 269, was used instead. Oontrol expenments with solutions 
containing known amounts of nickel and non gave confidence in the method. 
The mean of six detenninatious gave 6*906 per cent for the mckel 


The composition of the metal appears to be . — 

Iron soluble in dilute sulphuric acnd . 90 67 

Iron msoluble in dilute sulphuno add . 1 87 

Nickel 6 905 

Carbon and undetermined .. 0656 


100000 


(4) The metal as a whole is not very homogeneous, as the veins of alloy and 
the flakes also vary considerably in thickness About 20 to 30 grm of the 
turnings from the meteorite were digested m normal sulphuno acid for 
three days. A residue, which consisted of about 2 5 per cent of a mixture of 
finely granular carbon and shreds of alloy, remained behind The alloy was 
separated from the carbon by means of a magnet, and after solution m nitnc 
acid the nickel was estimated by the method already referred to The mean 
of two analyses gave 29 57 

The carbon has not been actually determined, but by mechanical means 
aided by a magnet the amount of carbon separated from the residue insoluble 
in dilute sulphuric acid was not more than correspondmg to 0 16 per cent of 
the meteorite A portion of the residue was very insoluble and resisted pro- 
longed treatment with aqua regia. It consisted of some glistening fine grams 
which were decidedly magnetic , the actual quantity was, however, small and 
escapes observation unless a large amount of the meteonte is used 

I believe that the nickel is contained m the alloy, which is disseminated 
throughout the mass m three distmot forms — 

(а) As large veins running through the mass. 

(б) As plates separating tiie large crystals of ferrite. 

(c) As small crystalhtes, embedded in the femte itself, and as small 
grains. 

The small crystallites cannot be isolated, and on solution of the ferrite 
remain behind as fine silvery threads The pitting seen when a slab of 
the meteorite is exposed for a long time to the action of dilute acids points 
to a local galvanic action taking place around embedded grams of alloy. 
It is possible that the different portions, a, h, e, may have different chemical 
compositions. 
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2, Internal Strueture 

The meteorite was out aoroBB. The metal quite soft fmd may easily be 
cut by a knife, and i« very malleable, with hardw patchea ocoumng here and 
there. After outtmg, both Burfaoes were pdished m the usual way, one 
being left bright and the other etched In the former the larger vems of 
alloy runmng through the mass may readily be seen, and the latter, after 
etching with dilute nitnc acid, showed the ordinary " Widmannstatten ** 
figures so charaotenstio of meteoric iron, but, on submitting the section 
to a magnification of about 12 5 diameters, the large crystals of femte are 
seen to be separated from each other by well defined boundaries composed of 
some other material, which in some cases penetrates mto the ferrite masses 
These effects are best seen under slightly obhqne illumination and cannot 
be done justice to by photography Fig 1 (Plate 1), is a magmfied portion 
of the surface Patches of the alloy can be seen, and a number of small 
apparent projections are clearly indicated These seem to be small isolated 
portions of an alloy which stand out owing to their high reflectmg power, 
and which one would imagine had a diffeient composition from that separating 
the large femte masses 

There is a considerable difference m the solubihty of the femte, as com* 
pared with that of the alloy, as is shown by fiig 2 This was obtamed 
covering over a small block of the metal witli wax, with the exception of one 
face, the block being supported in chlute sulphuric acid so that the face could 
be attackod. The femte was eaten away by the acid, but the alloy was not 
attacked and the bright hues mdicate the flakes of alloy separatum the hu|g|e 
crystals of ferrite. The rough pitting on the attacked surface is, X think;! 
caused the presence of small specks of the alloy such as are seen m fig 1 
The most satisfactoiy Inethod of examination of the finer structure is by 
heat'tinting, rather than by etching, as then the beautiful structures of the 
crystals of the alloy are clearly seen, but all efforts to obtain satisfaototy 
photographs have failed, even with the use of isochromatio plates. I^gs. fl and 4 
are photographs of a small section after etching with dilute nitric amd. 
The remarkable sliapes of the crystallitee are here dearly shown, and also 
the remarkable parallel orientation they show with reference to each odier. 
These fine crystallites are very dehcate and fragile, and on dissolving a piece 
of the metal in dilute sulphuric acid they break up into fine silvery threads. 
In the heat-tinted specimen the lines are a deep gold upon a blue ground. In 
fig. 4 attention is called to the fine parallel hues shown the large etdhed 
fernte grains and, by appropriate illumiuations, another aet oi Imes is sem 
crossing these at right angles. Heating had an important mfluenoe in 
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modifying the structure of the iron. Fig 5 is a photograph of the same 
specimen under a magnification of sue after heating to about 800 ^ C for half 
an hour* and then allowing to cool slowly After cooling* it was polished 
and treated with the same etching agent* when it appears that the 
structure has been more or less broken down Lines of the alloy can still 
be readily traced, but the well defined outline of the ferrite crystals has 
disappeared The temperatures were determined by the Fery pyrometer. 

The meteorite may be considered as being formed of a mass of 
femte crystals, with plates of alloy separating the crystals, and with 
eutectoid crystallites disseminatecl thrunghoiit the femte, and with veins of 
alloy runiung in dehnite directions The crystallites themselves are 
composed of a iininber of tlun lainiiifc, arranged according' to some 
definite plan 


3 Mechartiml TgbIb 

The coarse-grained stiuctuie of the metal made it appear to be of 
interest to submit it to some mechanical tests, and, with this object, a piece 
of metal, measimiig about 5 inches in length and nearly | inch square, was 
cut out of a jwrtion winch seemed to bt* fi-ee from the large veins This 
had threads cut for a distance of | inch on each end, and the remaining 
portions were machined up to J inch square, the surfatjes being pohahed 
and etched It was then seen that several veins ran across nearly to the 
centre of the specimen, and, in order to get the sample as homogeneous 
as possible, a portion was planed away, so that tlie final section was 
triangular when the veins Imd been cut away The sj)ecimen was mounted in 
the large testing machine m such a way as to allow of examination by a 
nucrosoope, or to permit of the apjdication of the exteusomctei A load 
was applied gradually, and tlie form of the crystal grams watched and 
photographed under a magnification of about 100 diameters* in order to 
detect any change occurnng m the etched i>attern on the surface, but, 
within the limits of the strength of the material, no definite change could be 
seen Photographs were taken under dead loads of 0 5, 1, and 18 ton, 
without any diflerence being observed in the form of the boundanes The 
break took place very sharidy under a load of 10 25 tons per square inch 

The fracture (fig 6) shows clearly the large-gramed crystalline structure 
of the matenal At first sight it would appear as though the comi>araiively 
large plane surfaces shown on breaking* the edges of which are clearly 
shown in the photograph* were cleavage planes developed in the crystal 
The broken surfaces were* however* not bright* as would he the case with 
an ordinary sample of steel or iron, but were pitted to some extent on one 
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surface, whilst small specks of bright nickel-iron alloj occupied corre- 
sponding positions on the other surface, tliat is, there was clearly a lack of 
continuity at the surfaces Some of the thm alloy plates separating the 
crystals could also be seen It was not eaqr to obtain an end-<ni view of 
the fracture, but the side view shows clearly that the fracture took place 
along the junction of crystal planes. The break does not m any way 
resemble a flaw, but is just what one sees in the breakmg up of any highly 
crystalline material, such as sugar candy From the extension, before the 
break, the value of Young’s modulus may be found Taking the extension 
between 0*6 and 1 5 tons on either the loading or unloading curves as lying 
within the elastic hunt of the material, we get a imlne for Young's modulus 
of 3 X 10’' lbs per square inch 

Compreaa/wn Test — A piece of the metal m the form of a parallelepiped 
was prepared, having a sise of 1 8 x 0 7 x 0 87 cm , and carefully pohshed 
until all the coarse scratches had been removed This was then placed 
between two steel cylinders and oompresmon gradually apphed, the specimen 
being watched through a microscope. Very httle change was noted until 
the dead load reached a value of 4000 lb, when the mass seemed to be 
oleavmg into a number of separate large-razed crystals, and, on mcreasuig 
the load to 6000 lb, this became very marked “Shp bands” now made 
their appearance, but were not very well defined until a load of 7000 lb 
had been apphed, when they were clearly visible, but difficult to photograph, 
because the onginally plane surface was now very much corrugated. The 
shape of the end section was much changed, appearmg as though a twistmg 
stress had been applied. 


4 Magwtte Tests 

The magnetic properties of the metal were tested by Ewing’s permea- 
meter for fields of moderate strength A rod of the metal 4 2 inches by 
026 inch was tamed up on the lathe The portion selected was one free 
from large veins, but it showed on etching the usual large-grained structure. 
This was placed in one of the coils of the permeameter, a standard har 
bemg placed m the other The fi and H carves from the two bars are 
shown m Curve 1, where it is seen that for weak fields the permeabihty is 
greater than that of the standard Swedish iron but with strong fields it 
becomes slightly less. 

For strong magnetic fields, the apparatus as used Prof. Hopkinson, and 
desonbed in ‘Proc. Inst Elec Engineers,' vol. 46, was employed. In 
the arrangement, two small pieces of metal as nearly idenMcal as possible 
were taken, one being the standard, and the other the specimen under 
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examination. The induction through these was oompared for the same 
value of the magnetising force As a mean of many measniements made on 
SIX speoitnens the susceptibility of the meteonc iron as oompared with that of 
the Swedish standard was as 

1670 1680 

By annealing carefully the susceptibility was mcreased 

My thanks are due to Prof Hopkinson for kindly permitting me to make 
use of the Engineering Laboratory m Cambndge, and also for the kindly 
interest he took in the work — and also to his assistant, Mr H Quinney, for 
the very great assistance he gave me in carrying out the vanons tests, and 
finally to the Oommittee of the Bloemfontein Museum for placing the 
meteorite at my disposal 

Summary. 

(1) The meteorite is composed of a mass of fernte crystals, with vems 
of iron>niokel alloy ruiming through, and with flakes and crystals of iron* 
niokel alloy disseminated throus^out the mass 

(2) The meohauioal strength of the metal is not so great as that of ordinary 
iron, but betore rupture occurs the modulus of elastioi^ is nearly as great as 
that of ordinary iron 

(8) The individual crystals are soft and malleable. 

(4) On applying a crushing force, the iron tends to cleave into definite 
crystals. 

(6) The magnetic properties are practically the same as those of Swedish 
iron. 
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Chemical Action that is Stimulated by^ Alternating Currents, 

By S G Bbown 

(Communicated by Prof. J Perry, PBS Becmved December 18, 1913, — 
Bead February 12, 1914 ) 

The following experiments were earned out m the year 1905 Taking a 
simple voltaic cell, consisting of an anode and cathode of zinc and carbon, 
and an electrolyte of dilute sulphunc amd, it was found that polarisation, 
which takes place when the cell is jomed to a local circuit of low resistance, 
could be dimiiushed or completely aholislied, by passmg through the cell an 
alternating current of suitable value. Fig 1 illustrates the arrangement of 
the cell, D, jomed up to deliver current through the amperemeter, B , under 
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these conditions the cell is very quickly polansed, and the continuous current 
falls to a very low figure 

On the other hand, if a suitable strength of alternating current of, say,100' 
penods per second is sent through the cell from the leads A, the cell D will 
be completely depolarised and will give its full current delivery. L is a 
self-mduotion and K a capacity to prevent the alternating and continnona 
currents from flowing in each other’s aremt, the only part of the circuit 
common to both bemg through the cell 

If the idtematmg current has a frequency of, say, 12,000 periods per second, 
and we place a carbon transmitter in its circuit, on speaking into the trans* 
mitter the speech will be very correctly reproduced, by vanations correspon> 
dingly produced in the value of the continuous current from D, and the voice 
will be heard correctly m a telephone mcluded in the circuit with B This- 
shows that the nse and fall m the value of the contmuoos current immediately 
follows that of the mean strength of the alternating current. 

The polarismg effect in the cell is caused, as m well known, fay the coatmg 
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of gaB bubbles on the cathode , when the alternating current is switched on 
not only is the production of gas increased, due to the increased output of 
current from the cell, but the gas bubbles appear to shoot away at right 
angles to the surface of the cathode 

Another arrangement of the cell, as shown in fig 2, was tested under 
similar electncal conditions, and m this case the catliode had a large surface 
exposed, and the zmc anode was just touching the hqmd so as to only expose 
a small surface to the action of the electrolyte Under these conditions, and 
keeping the cell free from vibration, somethmg similar to polarisation sets 
in and the current delivery, which is at first large, soon falls to a very low 
value The action of this cell was the same if the carbon was exposed to the 
electrolyte directly or placed within a porous cell m contact with strong 
mtnc acid, proving that the falling off of current was not due to gaseous 
polarisation but to the restrained chemical action on the xinc anode caused 
by the depletion of the active properties of the electrolyte m immediate con- 
tact with the anode. The effect of the altematii^ current was the same as 
before, and the cell under the stimulatmg action would greatly mcrease its 
current dehvery, proving that in some mannei the alternating current in- 
creases the solvent action of the electrolyte on‘the anode 
I have indicated diagrammatioally the final state of the cell in fig 2, before 
tlie alternating current is applied A shows the depleted area around the 
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sino anode , the sulphuric acid ions have to be projected or diBhsed through 
thu area before they can nmte with the anc to form ano sulphate This 
Bul^te, although colourless, can be observed, by the refraotix^ action on 
light, to be flailing in a thin steady eteeam B to the bottom of the 
The alternating current appears to mcrease the velocity of the ions m 
some manner and enable them to traverse the dqileted area and dissolve 
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more zinc This is seen by the increase in the zino sulphate stream and 
the larger current supplied by the cell 

By making the surface of the anode m contact with the electrolyte small in 
area, the action of the alternating current will be concentrated and the 
ions will be ooirespondmgly inoreaseil in chemical activity In one case 
the anode was constructed of a fine platinum wire dipping about one- 
tenth of an inch into the dilute sulphuno acid and an external battery 
of two volts applied When the alternating current was superimposed the 
platinum started to oxidise, and m a short time the whole of the wire in 
contact with the liquid was turned into a black powder The same thing 
happened with gold, the wire turned into a yellow insoluble powder 
With the filament of a carbon lamp as anode the carbon was completely 
dissolved or turned into gas; and, in fact, no conducting material could 
be found that would resist the combined action of the two currents when 
applied in this concentrated manner 

These experiments were carried out with alternating currents at a 
frequency of 12,000 periods per second, as it was thought that the 
stimulating effects were much greater at high frequencies, but no tests were 
made to prove this point 

Many forms of cells and batteries were tned, and it was found that in 
every case wheie the anode was constructed of a soluble metal, and was 
arranged to project as little as possible into the electrolyte, the alternat- 
ing current would stimulate the chemical aoUon and force the cell, or cells, 
to deliver a greater output of current Also, several metals that were 
insoluble in the liquid without the alternating current became soluble when 
this current was applied 

Another action of alternating currents was illustrated by the following 
experiment In fig 3, the oiinuit of the 2-volt battery was interrupted by tiie 
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cake of compressed oxide of lead placed between (die bright lead plate, i, and a 
platinum anode, t. The current flowed from the platinum to the lead so as 
to make the lead plate the cathode. In thia direetum the cathode did not 
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oxidise, and a maximum current passed through the arrangement When a 
high-frequency current was applied an increase in chemical action took place, 
which oxidised the lead plate superficially and produced a back E M JF , and 
thus reduced the continuous current through the cell Here we liave a case 
of stimulated chemical action without the use of a fluid dielectnc Other 
metals were tried in place of the lead, and in every case it was tonnd that 
the continuous current fell when the alternating was applied, but only 
three metals were found that would allow the contmnons current to 
spnng back to its original high value as soon as the altematmg currents 
were discontinued These three metals were bismuth, lead, and thallium, 
and they required 3, 2, and volts m their local battenes respectively 
to give the best results The function of the alternating current is to 
stimulate the chemical changes, it may be to produce oxidation as m the 
foregoing experiments, or m other cases it may be to reduce the oxide, 
although no direct test was made to piove this supposition 

I thmk that these experiments explam the action of the Branley filings 
coherer — a device m which the group of granules act normally as an insulator, 
but become conductive when high-frequency currents such as Hertz waves 
pass through them Iron or nickel filings are insulated from each other by 
a thin film of oxide, but the coherer h^s a small capacity, with the oxide as 
dieleotnc, and the waves are thus allowed to pass The rapid altematmg 
ourrents act upon the oxide dielectnc and, by stimulating chemicsd action, 
reduce the oxide at the points of contact to a metallic or conductmg form 
and allow a ooiitinaous current to flow When tlie tube is shaken the 
oxide again intervenes and another application of the altematmg current 
is required to produce conduction 

The actions that 1 have here indicated seem to me to be much hke that 
which takes place m many catalytic processes a chemical action taking place 
between two sabstanoes only when a third substance is present, although the 
third substance does not seem to sufibr any chemical change itself It may 
be possible, therefore, that the combined action of the alternating and 
continuous ourrents will be of value m electro-ohenucol processes 

It was at one time hoped that by applymg a small alternating current to a 
cell it would be possible to unlock a much greater continuous current m 
return, or in other words that the oell would act as a ralay , but from many 
tests It would seem that this cannot take place, and m no oase was the 
oontinuous ourrent output of energy greater or as great ae the ingoing 
altenating energy of the etimulated cell 

ISg. 4 shows the oonneotioas as arranged to teet numenoally the effects of 
the high frequency currents in the osU or oells, H. The hi^ foeqnenqy wee 
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run throughout to give 12,000 osoillstions per second The other essential 
features of the arrangement are — 

K, a capacity of 1 microfarad 

AC, a twisted stnp amperemeter with shunts. 

DC, a moving coil milhampeiemeter 

Y, an electrostatic voltmeter charged inductively 

L, a laige magnetic shunt of about 10 hennes and 15 ohms resutance. 

The alternating current was controlled by mcandesoent lamps and the 
continuous carrent by a resistance box 

The battery of cells, D, bad a zmo-oarbon element with an niiamftlg«.tnittAd 
zinc rod 6/16 inch diameter with a pointed tip The carbon rod bad a 
diameter of 3/8 inch, 2 inches bemg exposed to the hqmd, which was dilute 
sulphuric acid of sp gr 1 200. 

The results of the experiments are given m figs. 5 and 6 

Curve 1, fig 5, represents the relation between the alternating and con* 
tinuouB current when the zinc just touched the liquid Ten cells in senes 
were used, and the continuous current was short>oirouited through the milh- 
am})6remeter 

Curve 2 represents the results with the same arrangement, except that 
a resistance of 160 ohms was inserted in the milliamp^remeter oiromt 

Curve 8 lefers to the case where two sets ot five cells in parallel were 
connected in senes. The zero of the vertical scale is here displaced as 
indicated by the outer figures 

Expdnments were also made with a single cell The results are given 
in fig 6, the different curves refer to difi^noes in the arrangement as 
follows ■ — 
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Curve 4 The current passed through one odl m which 2 inches of carbon 
was exposed, but only the tip of the zinc rod touched the liquid The values 
given for the continuous current are for short circuit through the ampere- 
meter in this and the following 

Curve 5 2 inches of carbon rod and ^ inch of zinc rod exposed 

Curve 6 2 inches of carbon rod and 2 inches of zmc rod exposed 

Curve 7 Carbon tip only and 2 inches of zmc rod exposed 

The results may be summarised as follows — 

(1) The effect of a given alternating current was much larger when all the 

cells were m senes than when two sets, of five cells each, m parallel were 
used The ratio of the increase was approximately, with the cells m senes, 
change in alternating current change in contmuous current 5 1 with 

10 cells in senes 

With two sets of five parallel cells, change m alternating current change 
in continuous current * 12 1. 

(2) While the surface of the carbon exposed to the electrolyte only affects 
the results in so far as it increases the resistance of the cell, the current 
density at the ziiio electrode alters the change m the continuous current 
greatly. 


On, the Effect of the Oemgette AUumwn on the Phmb-ltne m 

Northern India, 

ByE D Oldham, FES 
(Eeeeived January T, — Bead February 12, 1914 ) 

For some years past, the Annual Eeports of the Survey of India, and of the 
Indian Government Board of Scientific Advice, have oontamed references to 
the remarkable character of the defieotions of the plurob-hne at stations near 
the southern edge of the Himalayas. These facts, and the explanation which 
has been adopted by Colonel S G Buirard, Surveyor-General for India, have 
recently been brought into prominence by the pubhoation of a memoir* on 
" The Origin of the Himalayas,” certain parts of which ate m contradiction 
with Uie conclusions, regarding the structure of the range, that had been 
drawn from geological observations 

Briefly stated, the geodetic facts are as follows. Along Idie southern edge 
of the Himalayas very high northerly deflections, amounting to about 40'' of 
* ' Burv^ of India,’ Professional Paper No. IS, CUentta, 191S 
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aro, are found, which rapidly decrease in a southerly direction by about 3V' 
in SB many miles, after which the decrease becomes mmdi more gradual, and 
ultimately, a southerly deflection comes in In a northerly direction, also, 
there IS a decrease of deflection, though not so rapid as to the south, and 
stations up to 80 miles from the edge of the hills, in spite of being nearer 
to the mam range, show a decreasing northerly deflection, which may be 
as much as 20" less than that of the margmal stations.* 

These {lecuhantios become even more marked if, instead of the observed 
deflections, attention is turned to the residuals, or difterences between the 
observed deflections and those which are deduced by calculation as the effect 
of the visible topography This has been done for a number of stations m 
India by Major H L CroBthwait,t usmg Mr Hayford’s method of allowing 
for the compensation due to isostasy With regard to this method, it may be 
remarked that, whether the hypothesis of isostai^ adopted by Mr Hayford is 
correct or not, his method of calculating the effect of compensation appears to 
give results which are not far from the average eflect, and therefore the 
departure of the observed from the calculated deflections, at any individual 
station, may lie regarded as the effect of a local departure from average 
conditions 

Begaided in tins light, the residuals, which have been calculated as 
deflections in the meridian, may be converted into deflections normal to the 
general course of the range, which does not run due east and west at any of the 
stations dealt with by Major Crosthwait This procedure is further justifaed 
by the figures given for Debra Dun, at which the deflections and residuals 
were calculated both m the mendian and in the prime vertical, and at which 
the resultant of the residuals is normal to the general course of the range. I 
have therefore converted the figures given by Major Crosthwait mto deflec- 
tions normal to the range, and measured the direct distances from tite mam 
boundary of the Himalayas. 

Oonfimng attention to those stations which he within 50 miles to the south 
and 20 miles to the north, being the tract withm which, as will be shown 
further on, the effect of the alluvial fllhug of the Gangetic depression could 
be expected to be conspicuous and predominant, data are available for 
ten stations in all, but four of these cannot be taken mto consideration 
One, Murtee, because the Himalayas are sqiarated from the Oangetio 
alluvium by the mtcrvening plateau of the Potwar and the Salt Range , two, 

* For details, see * Phil. Trans A, voL S05, pp (1905) , tiis original aeoonat 

Ja oontoiaed in 'Operations of the Great TMgmoinetnaal Survey of India,* vols 11 
and 18. 

+ ' Snrvsy of India,' Professional Paper No. 18^ Oakmtta, 1911 

VOU XO.-»A. . D 
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Pathardi and Sora, because the distance from the main Himalayan boundary 
cannot be detemuned, as it lies in Nepal ^ and a fourth, Birond, becanse it la 
an isolated station, with no other near enou^ for companson On the 
other hand, we may safely add anoldier station, Kajpur, which is very 
important, as it lies close to the mam Himalayan boundary No separate 
calculation has been made of the effect of the visible topography, but, as it 
hes about half-way between Mussooree and Behra Ihin, which are about 
10 miles apart, the efiect of all but purely local topography will be the same 
as at those stations. From an examination of the maps available, 1 estimate 
the effect of this local topography to be equivalent to a northerly deflection of 
about greater than at Mussooree or Dehra Dim,* and, the observed 
deflection beuig 10" greater, the residual m the meridian becomes —17" or 
about —21" normal to the range 

This leaves seven stations, forming two groups ranged near the 78° and 88° 
mendians respectively, which it will be eonveiuent to take separately, on 
account of the differences in magnitude of the deflectiQns in each, we have — 


Statdon 

ObiiervBd deflection 

Besidtial deflection 

Distance from 

m the meridum 

normal to tlie range 

main boundary 

Saiteni group — 


// 

1 

Knmeong 

-46 

-28 

8 miles N , 

Hillgnn 

-18 

- 7 

12 8 

Jalpugun 

' - 1 

+ 7 

83 8 1 

Weitwn group— 



1 

1 

HuBBooree 

-80 

-16 1 

1 4 » X 

BupuT 

BehrB. Duu ! 

-41 

-81 

(-21) 

-15 

1 b „ S 

KftllMUl 

- 1 1 

+ 2 

j 60 „ 8 


The leading feature in these figures is the existence of a very large 
residual northerly deflection near the mam boundary of the Himolayas, 
which decreases rapidly in a short distance on either side, and completely 
disapiiears at about 20 to 30 miles southwards The hypothesis, in 
explanation of these facts, which has been olfered by Colonel Bunurd, is 
the existence of a bolt of deficient density, of considerable depth, but of no 
great width, along the southern edge of the Himalayas So long as this 
explanation was merely tentative and indicated as a possible hypothesis it 
largely escaped notice, but in the memoir referred to above some definite 
figures are given, 20 miles in depth is indicated, and, though no actual 

* Thu figure agrem well enough with Colonel Bumrd’e estimate of -V ae the 
of the attraotion of maesee within 5 mile* of Bajpur, ‘ Survey tA India,' 1901, Prtrfeaelonal 
Paper No S, p, 64. 



Attwium on the Plwrh-Une ^n Northern India. 


85 


jigures are given, the context shows that the width is regarded as some- 
where about 5 miles or less. As the nft, postulated by Colonel Burrard, 
IS on a scale of magnitude far m excess of anytbmg for which there is 
geological precedent, I was led to investigate the evidence, to see whether 
some other explanation could not be found, more in accordance with 
geological observations The investigation is not yet oomplete, but in the 
course of it I had occasion to study the effect which should result from 
the facts of geological structure along the southern margin of the range, 
HO far as they are known, and the results of this study seem of snfSoient 
interest, apart from their bearing on the general question of the geological 
interpretation of the geodetic observatioiiH, to be worth publishing 

The facts of geological structure, so far as they need be considered, are 
very simple, and will be found, reduced to a diagrammatic form suitable for 
calculation, m the upper part of the diagram on p 473 of the ‘ Manual of 
the Geology of India’* Briefly expressed, they are as follows. — ^Along 
the southern edge of the Himalayas there is a great fault separating the 
older rocks of the nuige from the, upper tertiary, Siwalik beds, which were 
long ago shown by Mr. H B Medlicottf to have been formed under con- 
ditions similar to those of the recent deposits in the Oangetic depression, 
and to be, in fact, the lower, marginal, deposits of the same continuous 
formation, of which the Gangetio alluvium forms the uppermost members 
The depth of this formation, along the northern margin, cannot be stated 
with accuracy, and doubtless varies somewhat at different parts of the 
range , it is, however, certainly great, nowhere less than 10,000 feet, and 
possibly as much as 80,000 feet m places, though a more probable estimate 
lies between 15,000 and 20,000 feet On the southern margm the thickness 
IS small, and the deposit tluiis out over an old land surface of rock 
Between these two limits the form of the depression, occupied by the 
alluvium, cannot be determined by direct observation, but it is natural to 
suppose that the depth decreases gradually from north to south. 

The density of the material filling this wedge-shaped depression can be 
determined within narrow limits , the lower is fixed at 1 8, being the density 
of the surface layers of the Gangetio alluvium, the upper at 2 2, being the 
demdty of the Siwaliks, which are the uplifted basal portion of the formation 
The mean denuty must he between these limits, and, bemg jurobably nearer 
the higher than the lower, has been taken at 2 14 : the mean density of the 

* 8nd edition, Oaloutts, 188S 

i ' Mem. Qeol Surv Ind ,’ vol 3. 

{ These figures are taken from Ooloael Burrard’s memoir, and, having bean obtamed 
from the Qcologioal Survey, may be aoeepted as autiiontative. 
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rock forming the sides and floor of the depression being about 27 It is the 
effect of this large bulk of niatenal, having a density of only about seven- 
ninths of the average density of surface rook, which has been investigated. 

The method adopted was based on Mr Hayford’s system of compartments * 
The trough was assumed to run east and west, with the deep side on the north. 
This IS in approximate accordance with the conditions in the Gangetic 
depression and enables the deflections to be conveniently expressed in terms 
of the usual convention of the — sign for a northerly, and the + sign for a 
southerly, deflection. To simplify calculation, the trough was divided into 
belts of 10 miles wide, running parallel to the margins, in each of which the 
depth was assumed to be uniform and equal to the mean depth of the belt , 
in other words, the lower surface of the depression was taken as a senes of 
steps each 10 miles wide and gradually decreasing in depth below the surface 
from north to south The number of compartments in each lielt, multiplied 
by the depth and by the dehoieucy in density, gives the effective negative 
attraction, assumed to be concentrated at the sur&ce. For distances of over 
10 miles from the station the error introduced by this assumption is 
negligible, but in the immediate vicinity of the station an important modifi- 
cation has to bo mtroduced, owing to the fact that the defect in density is 
not concentrated at the surface, but distributed thiougb a considerable 
vertical de])th The correction to be applied for this is easily obtamed from 
Mr Hayford’s data , on p 70 of his memoir he gives a senes of factors to be 
applied to the attraction of visible masses, if they are compensated by a 
defect of density distributed uniformly through certain given depths, and on 
p 154 he gives a method by which the corresponding factors for any other 
depth may be obtained Now these factors represent the difference between 
the positive attraction of the visible mass, taken as 10, and the negative 
attraction of the defect of density by which they are compensated, so that the 
latter can be obtained by simple subtraction, and is the factor required to 
reduce the calculated negative attraction of each column of deficient density 
to the horizontal plane Actually these calculations were not gone through 
in every case, but the effect of the 10-mile belt of alluvium next the station 
was calculated for certain assumed depths, ranging up to 6 miles. TTiese 
were plotted on squared paper and a curve drawn through them, from which 
the effect, for any required depth, could be obtamed by inspection, with 
sufficient accuracy for the purpose of this investigation. 

As a standard, to represent approximately the aven^ conditions, the depth 
of the depression, at its northern boundary, was taken as 8 6 miles and the 

* J F Hayfoid, * The Figure of the Earth and Isoetaqr, from Meaeareinants in the 
tJnited States,' 'Washington, 1909. 
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width as 100 miles, but further calculations were made, using larger and 
smaller values for each of these quantities, and from them the approximate 
effect of other assumed values may be readily obtained by interpolation or, 
reasonable, extrapolation 

At the outset of my investigation I was only concerned with the dififerenoe 
of deflection as between two points about 10 miles apart and, as the effect of 
topography at over 50 miles from either would aflect both almost equally, it 
was only necessaty to consider the attraction of masses within that distance , 
these are the values which are given, to the nearest whole second of arc, m 
Tables I and 11. The effect of including the attraction of masses within 
greater distances, and of introducing a compensation for isostasy, was also 
considered and is referred to below. 


Table 1 — Deflections produced by a Trough of Alluvium of various widths , 
3‘5 miles deep at the northern boundary, 0 miles at the southern boundary 
Mean density of alluvium 2 1, of rook 2 7. Portions withm 60 miles from 
stations only considered. 


Ditttaiice 
from northern 
edge 

Width of alluvium 

70 milee 

100 mileH 

140 mileg 

niilea 

ft 

t* 


40 

- 2 

- 2 

- 2 

80 

- 8 

- 3 

- 8 

ao 

- 6 

- 0 

- 6 

10 

-10 

-U 

-12 

5 

-14 

-16 

-16 

0 

-36 

-28 

-29 

6 

-11 

-14 

-16 

10 

- 6 

- 7 

- 9 

80 

+ 8 

0 

- 8 

80 

+ 7 

+ 4 

+ 2 

40 

-I- 0 

+ 6 

+ 4 

50 

+ 10 

+ 8 

+ a 

eo 

+ 10 

+ B 

+ 6 

70 

+ 8 

+ 8 

+ 6 

60 

+ 8 

+ 8 

+ 6 

00 

+ 1 

+ 8 

+ 6 

100 

0 

+ 6 

+ 6 

110 

0 

+ 2 

+ 6 

180 

0 

+ 1 

+ 6 

ISO 

0 

0 

+ 6 

140 

0 

0 

+ 4 

100 

0 

0 

+ 1 
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Table II — Defections produced by a Trough of Alluvium, 100 miles m 
width , depth at the noi them boundary as stated, 0 miles at the southern 
boundary Mean density of alluvium 2 1, of rock 2 7. Portions within 
50 miles from station only considered 


Distance 
from northern 
edge 

Depth at northern boundary 

5 23 rmlee 

t 

3 5 miles | 

1 

1 75 miles 

miles 

// 

1 

1 

// 

60 

0 

] 

0 

40 

- 2 

- j 

- 1 

<10 

- 5 

- 3 ' 

— J 

20 

- 9 

“ 1 

- 3 

10 

-16 

-11 

- 6 

6 

-28 

-15 

- 8 

0 

-37 

-28 

-17 » 

6 

-20 

-13 

- 1 

10 

-11 

- 7 

- 3 

20 

- 1 

0 

0 

30 

+ 6 

+ 4 

+ 2 

40 

-1- 9 

+ e 

+ a 

60 

+ 11 

+ 8 1 

+ 4 

00 

+ 11 

+ 8 

+ 4 

70 

+ 11 

+ 8 1 

+ 4 

80 

+ 11 

+ 8 

+ 4 

90 

+ 10 

+ 8 

+ 4 

lOO 

+ 8 

+ 6 

+ 3 

110 

+ 3 

+ 2 

+ 1 

120 

+ 1 

+ 1 

0 

130 

0 

0 

1 0 

140 

0 

0 

, 0 

160 

0 

1 0 i 

1 0 


The values given in these tables include, as has been said, only the effect 
of masses within 50 miles of the stations , if this distance is extended to 
100 miles, the deflections, in the case of a trough 3*5 miles deep at the 
northern margin and 100 miles broad, become— 





// 

At 

50 miles N. of the northern 

boundary . .. 

- 4 

II 

II 

If • 

-31 

II 

F)0 „ S „ 

If 

+ 9 

II 

100 S .. 

t 

+ 9 

II 

ISO „ S 

II 

• + 1 


The effect of a furtlier extension of the distance is inappreoiaUe for, even 
if the trough is assumed to extend for 1200 miles on either side of the 
station, the deflections at either boundary are only increased by 0*4", and at 
60 miles out by 0 5 " , within the limits of the trough, the effect amks to 
seio. 
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As so great a defect in mass may reasonably be expected to be oom- 
pensated, m the same manner as is found m the ease of mountain ranges, the 
effect of such compensation, assumed to be complete, was calculated, using 
Mr Hayford’s factors, with the result that, all masses within 100 miles being 
considered, the resulting deflections became — 

// 


At 50 miles N of the northern boundary — 1 


tt 



» 

-24 

50 

S 

n 


• "f" 

.. 100 

S 

t* 

tt 

+ 4 

150 

S 

>1 

II 

0 


I'rom these figures it will be seen that the nature of the effect is the same 
in every case, though the amount may vary, and that the effinit of a 
depression, such as is occupied by the Gangetio alluvium, assuming its form 
to be such as has been independently determmed from geological observation, 
would be to produce a large norllierly deflection, amounting from 20" to 30", 
along the extreme edge of the Himalayas, a deflection which would almost 
disap))ear at about 50 miles to the northwards, and completely disappear at 
about 20 to 30 miles southwards, to be replaced by a southerly deflec- 
tion from thence to, and for some distance beyond, the southern margin 
Those deflections would be supei imposed on those produced by the visible 
topography, and it will be noticed that they arc of tho same character as, and 
not materially different in magnitude from, the residuals, or unexplained 
deflections, shown in the figures given on p 34 
For comparison with tlie results detailed above, it may be useful to 
consider the effect which would be produced by a deep and narrow nft, filled 
with matter of less density than the rook on either side, and, for the purpose 
of odlculation, I liavo assumed a depth of 17 miles, a width of 6 miles, and a 
defect of density equal to one-mnth of the surrounding rock With these 
data the deflections deduced are — 

// 


At 20 miles north of the nft . 

- 4 

>1 10 II 

11 

- 5 

w 6 II 

f# • * 

. - 7 

„ northern edge 


-17 

„ southern edge 

II • 

. +17 

„ 5 miles south 

>1 

. . +7 

.. 10 

II 

. . +6 

.. 20 

* 

. . . . +4 
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These figures will vary with any change in the adopted values of the 
dimensions, or of density of the matter filling the nft> hut the general 
character of the curve will be unaltered The greatest deflections will be at 
the edges of the nft, in opposite directions and away from the nft m either 
case, the amount of the deflection decreasing, without change of sign, with 
increasing distance from the nft in either direction 

It will be noticed that, north of the Himalayan boundary, there would be 
no great difference in character between the curve deduced from this 
hypothesis and that which results from the geological structure, as generally 
accepted, but to the south of the boundary the difference would be radical 



times To the rights the general form of the Gangetic depression, as assumed for the 
purpose of cslculation, is indicated, to the same vertical scale, by the dotted line, 
and the equivalent deficiency of mass, expressed as rock of the average density of 
the range, by the firm line 

Above are shown curves of, 1, deflections due to the defect of msui in the 
Gangetic depression, converted into the meridian ; II, of the oaloulated effect of 
visible topography, assumed to be compensated for isoatasy, as determined by 
Major Orosthwait , and, 111, of the observed deflection of the plumbdme It will 
be noticed that, m the region near and to the south of the mam Himalayan 
boundary, the Curve III is closely concordant with the combined effects of 1 and II ; 
northwuds of the mam boundary data for comparison are wanting 

Bound dots represent observed defleotioiui , crosses, the, compensated, effect of 
visible topography. 

Distances are measured normal to the general direction of the range , defieettons 
in the mendian 
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On the hypothesis of a nft the southerly lendnal should be greatest close 
to the boundary, and decrease with increasing distance, whereas the residual 
deflections actually continue to have a northerly sign till a distance of 
20 to 30 miles is reached, and then a southerly sign, increasing m amount 
with an increase of distance from tbe Hiinalayas 
The general conclusions to be drawn from these investagationB seem to be 
twofold (1) that the local deflections of the plumb-line, produced by 
underground topography, along tbe region bordering the southern margin 
of the Himalayas, are of such magnitude as to make the obserratione. at 
stations situated in that region, of small geodetic value, unions allowance 
IS made for the invisible, as well as the visible, topography , and (2) that 
there is no geodetic justification for the assumption of the existence of a 
deep and narrow nft, filled with material of lesser density than the rock on 
either side, or for any modification of the deductions, regarding the form 
of the floor of the Gkingetic depiession, which have been drawn from 
geological observation 


Note on Osmotic Pressure. 

By W E. Bouskibld, M A , K C 

(Communicated by Sir W Bamsay, K C B , F B.S Beooived January 8, — 
Bead February 12, 1914) 

The vapour pressure theory regards osmotic pressure as the pressure 
required to produce eqiulibnum between the pure solvent and the solution. 
Pressure apphed to a solution mcreases its mtemal vapour pressure If the 
compressed solution be on one side of a eemi-permeable partition and the 
pure solvent on the other, there is osmotic equihbnum when the com- 
pression of the solution brings its vapour pressure to equality with that of 
the solvent So long ago as 1894 Bamsay* found that with a partition of 
palladium, permeable to hydrogen but not to nitrogen, the hydrogen 
piessutea on each side tended to equality, notwithstandu^; the presence of 
nitrogen under pressure on one side, which it might have been supposed 
would have resisted the transpiratum of the hydrogen. Sie beanng of 
this experiment on the problem of osmotio pressure was recognised by 
van*t Hoff, who observesf that " it u very instructive as r^^ards the means 

* *FluL Msg.,’ vol, 36, p. 906 (1694). 

t Van’t Hoff, ‘ Leolures on Tbooretieal and Fhynosl Ohemutry,’ Part II, p. 38. 
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by which osmotic pressure is produced." Bat it was not till 1908 that the 
vapour pressure theory of osmotic pressure was developed on a firm 
foundation by Callendar * He demonstia&d, by the method of the “ vapour 
sieve” piston, the proposition that “any two solutions m eqoihbtiuia 
through any kind of membrane or capillary surface must have the same 
vapour pressures in respect of each of their constituents which is capable 
of difiiising through their surface of separation ” — a generalisation of great 
importance for the theory of solutions Findlay, in his admirable mono- 
graph, f gives a very complete account of the contending theories of osmotio 
pressure, a review of which leaves no doubt that at the present moment the 
vapour pressure theory stands without a serious nvaL Some confusion of 
ideas still arises from the want of adherence to a strict defimtion of osmotic 
pressure to which numencal data from experimental measurements should 
be reduced The following definitions appear to be tho outcome of the 
vapour pressure theory — 

Defiri'Uwn I — ^The vapoiu pressme of a solution is the pressure of the 
vapour with wluch it is m equilibrium when under pressure of its own 
vapour only 

Dejiattmi II — The osmotic pressure of a solution of given nnifonn 
concentration at a given temperature is the pressure under which the 
internal vapour pressure of such solution becomes equal to the vapour 
pressure of the pure solvent at the same temperature and under the pressure 
of its own vapour only. 

From these definitions it would follow that for a given concentration and 
temperature the vapour pressure and osmotic pressure of a solution would 
be definite physical quantities determined only by temperatare and oonoen- 
tration, and such confusing phrases as “the variation of osmotic pressure 
with hydrostatic pressure ” or “ the osmotic pressure at the top of a column 
of solution” would fall into desuetude. The picturesque conception of 
van’t Hoff, that the osmotio pressure of a eolation is the pressure wbioh 
would be produced if the solute existed as a gas in the same ^woe, has 
sometimes been taken too literally, and u probably re^KnuiUe for the 
snrvival of some uiexaot phraseology 

Both Callendar and Findlay appear to regard the oompresnbility of the 
solvent as a factor which need only be reckoned with at very high pressares, 
or 08 introducing into the expression of the relation between vapour 
pressure and osmotic pressure a term of minor unportanfle, whidi needs to 
be considered merely as a correction where a oloaer approximation i« required. 

* *Boy Soc Pioa,* A, vol. 80, p. 498 (1006). 
f ‘ OBinotio PreMars,’ Longuuuu, aad do , 1818. 
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But it IS the compreaeion of the solution which produces the increase of 
its vapour pressure and if we look at the matter from the point of view of die 
reduction of the molecular intorspaces which is produced by pressure, it is seen 
that the compression of the solution may possibly play a fundamental rdb 
The complex constitution of liquid water has created many difficulties 
for physicists m dealing with aqueous solutions, but it may m dus matter 
give ns a useful idea 

It has been shown elsewhere* that liquid water is probably a muture of 
ice-moleoules of a constitution (HgO)8, dihydrol (HsO)i, and steam-mole- 
cules HgO The proportions of these ingredients vary with temperature 
Near the free^mg-point there is a large proportion of ice-molecules and 
a small proportion of steam-molecules Near the boiling pomt these 
proportions are reversed Wc may well suppose that the vapour pressure 
of water is intimately connected with the proportion of steam-molecules 
which it contains at any given temperature There is also little doubt 
that the proportion of steam-molecules (as well as of ice-moleculee) is 
reduced by the solution in water of any solute, and that this is connected 
with the reduction of vapour pressure which is tlius produced In anodiei 
jiapert the remarkable fact was xiomted out that steam-molecules, like 
loe-moleoules, must be considered as bulky molecules, that is, as occupying 
a larger volume in the solution than their weight would entitle them to 
In the case of the ice-molecule this may be attnbuted to its more open 
structure. In the case of the compact steam-molecule it may well be 
attnbuted to the larger space which it requires for its vibratory movement 
We thus get the idea of molecular interspaces contaming steam-molecules 
or vapour which determine the internal vaxxmr pressure of the liqmd 

When a mass of vapour is in external contact with a solution and the 
space in which the vapour is confined is reduced, vapour u condensed, and 
no change of pressure is produced But the conditions in the molecular 
interspaces of the solvent are different, and it is eatiy to show that the 
assumption that the molecular interspaces are filled with vapour (steam- 
molecules), which there behaves approximately as a perfect gas, leads at once 
to the known general relation between vapour {mssute and osmotic pressure 
If F be the pressure in atmospheres applied to a litre of solution, the 
change of volume produced by such pressure may be expressed approxi- 
matdy as 

«V « aP. 

Let p be the vapour pressure of water and p— ^ the vapour pressure of a 

* Bouaitald and Lowry, "Liquid Water a Twnary Mixture,” 'VsnuL Soo. Trane.,’ lOlOi 
t Bousfield and Lowiy, 'Phil Trane A, vol S04, p S88 (1006) 
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solution at the same temperature Let Vo be the initial molecular inter- 
space in a litre of the solution under no pressure except that of its own 
vapour Let the solution be now comijpressecl to a })reBSure equal to its 
osmotic pressure P Its volume will be reduced by an amount SV, so that 
the interspace volume is reduced to Vo— SV, whilst its internal vapour 
pressure is increased from /i— ^ to p Then, assuming that the interspace 
vapour may be treated as a perfect gas, we have 

(p-fip)Vo = p(Vo-SV) or VoSp = y>SV, 
and since SV = aV, we get 

p — ^5 §P 

a p 

If we compare this with the approximate thermodynamical result 

P = E'Tp^, 

P 

we Bee that our theory requiree that the initial value of the interspace per 
litre of solution should be 

Vo = oE'Tp 

Since B'a 00821 x 1000/18 as 4 557, and a ss 000006 (taking the apptozi* 
mate value for water), the required interspace upon the above view is about 
66 c 0 per litre at IS** C 

The conception that the vapour in the molecular interspaces of a solution 
behaves on compression of the solution approximately as a perfect gas 
thus leads to the same general result as that which is denved from 
thermodynamical considerations. It fumishes a mental picture which may 
be compared with van't Hoffs analogy of the solute behaving as if it were 
approximately a perfect gas existmg m the space in which it is dissolved. 
But the conception that the solute behaves as a perfect gas may lead to a 
mode of thought and a phraseology which are mcorreot, whilst the con- 
ception that the vapour within the solution behaves as a perfect gas leads 
to a mode of thought and language which are stnotly in aooordanoe with the 
vapour pressure theory of osmotic pressure 

lu amving at the result given above the assumptions made are of about 
the same order of inexactitude as those by which the approximate thermo- 
dynamical expression is reached. 

The fundamental assumptions are that Uie molecular mterspaoe is reduced 
by an amount equal to the total reduction of volume by oompresnon, and 
that the number of steam-molecules existing in the interspace is unaltmed 
by oompiesBion. If the moleonles and atoms are themselves oom^resaible 
the interspace would be reduced by a less amount than SV, but il the 
relative reductions were in a constant ratio this would not affieot the 
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character of the result The more serious matter is that compression does 
affect the proportions of the molecular vanebea existing in water, especially 
at low temperatures and in dilute solutions. It was shown in the paper to 
which reference has been made that with mcreasing concentration there is 
simplification of an aciueous solution which is probably due to “ the 
destniction of the icc-moleoules to which water owes most of its abnormal 
properties ” But in a dilute solution near 0° C we have to reckon senously 
with the ice-molecules. As a matter of fact Morse and his co-workers* 
have observed a well marked abuormaJity in the value of the osmotic 
pressure of a decinormal sucrose solution at 0° C 

The efficiency of hydrostatic pressure m mcreasing vapour pressure m a 
dilute solution near the freezing-pomt is difficult to estimate The com- 
pressibihty of water rises as we approach the freezing-point There the 
number of ice-molecules is gieatest, and they are probably destroyed by 
compression in large numbers. The molecular varieties mto which these 
bulky ice-molecules are changed must have a less mean specific volume 
tlian the loe-molecules This probably means that the reaction due to 
pressure is more nearly 

2(HjO) 8= 3(H,0)a than (H|0>a = (HaO>,-l-HjO 
Since the reduction of volume due to this change would not seriously 
affect the molecular interspace volume, the efficiency of hydrostatic pressure 
m producing change of vapour pressure would in this way be reduced near 
the freezing-point On the other hand, any generation of steam-molecules 
from the broken down loe-molecules would tend to increase such efficiency 
Morse and his co-workers state that they have given special care to 
determining the osmotic pressure of their most dilute sucrose solution at 
0° C They state that the osmotic pressure is actually greater at 0* 0. 
than at 5° C If this result ran be rehed upon it seems to show that the 
efficiency of hydrostatic pressure in produemg a rise of vapour pressure at 
the freezmg-pomt is abnormally low The abnormahty, however, seems to 
disappear at twice decinormal concentration. 

Whilst our theoretical deductions as to the nature of solutions which are 
denved from conductivity data must at present be based on dilute solutions, 
the reverse is the case with deductions from data as to osmotic pressures 
Fortunately at higher concentrations and temperatures the ice-molecules, 
whose sensitiveness to pressuie disturbs osmotic measurements, practioally 
disappear, and the aqueous solvent becomes approximately a simple binary 
mixture of (HiO)i and HiO 

* Moms, Holland, Zim, Myon, Olark, and Gill, *Ainer Ohein. Jonm.,’ vol 45, 
p 508 <1»IX). 
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By Gbobgb W Walkeb, A EC So, MJL, FES, formerly 
Fellow of Triiuty College, Cambridge 


(Ecceived January 8, — Eead February 12, 1914 ) 


In a receul paper* 1 showed that the experimental data with regard 
to "black body” radiation could be represented exceedmgly well by an 
empirical formula for the radiation function at temperature 6, and wave- 
length X, VIZ. . — 


1 further ludioated an electric system \vhich gives rise to an emission 
function which is a generalised form of the above empincal expression 
It IS a mattei of interest to see if one can learn more as to the character 
of a system which would give the empincal form precisely The method 
of doing so by Fourier analysis was indicated by Lord Bayleigh f 
The form of the pnmary disturbance which leads to the above spectral 
distribution of energy is found to be very simple, and almost suggests itself 
If we take a function ^ of the time t such that 

yjr (£) = tf for 00 > > 0, 

= for 0 > ^ > — 00 , 


then the Founer representation of the function is 



n Bin 9U 


Sn, 


and, further, for a number of arbitrary disturbances of this type we get 




16«o» f 




The speotial distribution of thus of the form 




fin, and 


since n vanes as X~*, we thus get tlie empincal form as far as X enters 
The further interpretation of the formula now depends, as regards detail, 
upon whether we proceed in terms of pure dynamics or electro-dynonuos 
In Ihe first case we should regard ^fr(0 as proportional to the velocity of 
displacement, and in the second as proportional to the acceleration of the 


* ' Roy Soc Froc.,' A, voL 89, pw 398 (1918) 
t * Phil Msg,’ vol 87, p. 460(1689) 
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displaoement But in either case the radiation between frequency n and 
n + $9^ will be expressed by 


where A is a quantity defining the amplitude of the disturbance, and m 
IS the number of such disturbances jier second 
In order to obtain Wien’s displacement law tiq must vary as 0^ and then 
further we get Stefan’s law if vanes as 0^, and the formula reduces 
to the empincal form 


The uii{>ortant point we have obtained is that, in order to have thie 
energy distnbution, the primary type of disturbance reqiured is a solution 
of the equation 

*1» 2 tl/Qjb 0, 


which expresses the motion of an apenodic dynamical system Fnitiier, 
no must 1)6 proportional to 6 But the present analysis does not indicate 
how this occurs, nor how m and A separately depend on temperature 
The primary type of disturbance can also arise as a solution of electro- 
dynamic equations. Such an interpretation raises points of importance 
which I have not yet had opportunity to consider fully 


Appendix [Added January 29th, 1914 ] 

In response to requests from several quarters as to the agreement 
between the formula and the data, I add the following mformation which 
I have been able to obtain. 

If we choose the constants m Planck’s formula and my own so that they 
give the flame value for Wien’s constant a as \,jd and so that they agree at 
the maximum, we get the following table — 


x / x ,. 

Flanok, 

Walker 

0*0 

0-0 

0-0 

0 26 

0-0004 

0 0490 

0 883 

0-0117 

0 1292 

0 6 

0 2217 

0 4096 

0 866 

0 6802 

0-7260 

1 lO 

1 0 

1 0 

1 2 ^ 

0 4064 

0 4096 

8*0 

0 1864 

0 1292 

4*0 1 

0 0564 

0 0400 

10-0 

0-0022 

0 0016 1 

oe 

0-0 

0-0 1 

1 


The two curves are shown in the figure. 
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Interrupted line — Planok'i ourre Oontinuoue lute — ^Walker's curve 

The ordmatea by Planck’s formula are less than those by my formula for 
^ greater than mme when \/\m > 1 But the area of the 
whole curves I find to be the same to 3 per cent 

Passing to the data, it is clearly not easy to discnmmate between the 
formula within small ranges of wave-length. Thus Warburg’s recent 
work,* within a range of about 1 is not of much assistance. 1 have had 
to go back to the older measurements. 

Lummer and Pnngsheimf give a curve of emisrion for 0 sr 1650* absolute 
from X = 0 5 /t to about 18 ft. I find that it hes almost exactly between 
the two theoretical curves, the advantage being very dightly in favour of my 
own formula 

PaschenJ Onds very good agreement with Planck’s formula for any one 
wave-length at difierent temperatures , but he explains that in order to fit 

* 'Ann d Fhya .’ 1913, p. 613 
f ’ Verb d Deutaoh Phyi. Oeaell.,’ 190(k p. 177 
t * Ann d Hiyi ,* vol 4, p. 377 (1901X 
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Planck's formula over his range from about 1 to 9 he requu’es to assume 
that for " some unknown cause ” the spectrum is weakened in passing to 
increasing wave-lengths, and that the observed values must be multiplied 
by luoreasmg factors, the factor at 9 being 1 3, 1 understand, as compared 
with 1 at 1 /a. This is hardly convmcing proof, and the facts suggest that 
iny formula would avoid the necessity for these factors. 

Rubens’* values for long waves up to 50 /i are relative and give good 
agreement with any formula that conveiges to Lord Rayleigh’s form If, 
however, we could compare the values for long waves with those at l|t, 
we have a means of deciding between the two formulee as follows 
Writing Planck’s iormula in the form 

k (4 9651 a) wms/a*- i), 
we get the comparative table — 



Flantk 

Walker 

Ihlaximiun oocun when 

Total radiation la 

Maximum mdiation is 

Value for long wavei 

0 06a0M<o-> 

0*0848 

t0\-* 

AnS •> a 

0 OeSSM^a'* 

0 0e26/W*i»'* 

k$K~* 


Thus, if we chose k in each formula so as to get the total radiation or (os 
It happens) the maximum radiation to agree, then Planck's ordinates for 
long waves would be 1 8 times the ordmates from my formula 
It IS worth while to note that it must be rather diflicult to determine the 
maximum wave-length accurately The table su^ests that we could get a 
independently and hence Xn for any temperature by companug the total 
and the maximum radiation Both formulte would give the some value for 
M to 3 per cent. 


* ' Ann <I Phys 1901, v«l 4, p 649 


TOUXe— A. 
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The Transrmssim of Electric Wav^ around the Earth's Surface. 

By Prof H M Macdonald, P B.S 
(Beceired January 10, — Bead February 12, 1914 ) 

In a previous comtnunication,** an expression for the inagneho force at 
any point when a Hertzian oscillator is placed outside a perfectly condacting 
sphere was obtained, and the principal pai'ts of this were evaluated, in 
particular it was found that when the point is inside the geometnoal shadow 
and at an angular distance from the line of contact of the shadow with the 
surface which is of higher order than (jcaY^, the ratio of the magnetic force 
to the magnetic force due to the oscillator alone is a Gilbert integral , when 
the point and the oscillator both approach the surface this integral tends to 
zero, but it may be expected to give information os to the way the magnetic 
force dies away in the neighbourhood where it has diminished to order 
(aa)~* 

The magnetic force on the surface when the oscillator is also on the 
surface was reinvestigated by Poincard.f and he indicated that the magnetic 
force at angular distance 6 from the oscillator is of the fom Ar~**, where 

A and « depend on the zero of^ for which Iw+J—jhiI is 

least Tlie value of this zero was calculated by Kicholson^ who also 
calculated the value of A The value given§ by him does not agree with the 
coefficient of the corresponding term in the senes found below , this may be 
due to the fact that the process of summation employed by him is mvalid as 

IB 

It assumes that zlKn«j|((z)/g^{zf£n4'4(iz)} is a meromorphio funotum of 

which IS not true The problem has recently been discussed by 
Marchll and BybozynskilF , the discussion in the second of these papers 
IS very interesting, but the singulanly of the integrand which contri- 
butes ultimately alone to the result is one wbudi appears to have been 
introduced in the process, and wluoh is not a singularity of the original 
expression for which the integrand is an approximation The autiior 
remarks on the impossibility of representing tiie facts by a single exponential 
as the oscillator is approached , this is fully borne out below 

* * Pbil Trans.,’ A, voi SIO, p 113 (1900) 
t ‘Benduwnta Palermo,’ vol 39(1010). 

X ‘Phil Mag ,’101 1 
8 ' Phil Mag April, 1010 
II ‘Ann. der ^ys.,’ vol 87 
if ‘ Ann der Phya,’ vol 41. 
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In what follows a series is obtained whioh represeute the magaetio force 
at any point on the surface when the oscillator is also on the surface , the 
series converges rapidly for large values of 6, and for large values the first 
term is a sufficient approximation For small values of 6 the senes 
converges very slowly Tables showing the ffill in amphtude with increase 
of distance have been calculated for different wave-lengths 

The magnetic force 7 at a point P, whose distance from the centre of 
the sphere is r, and whose angular distance from the oscillator is 6, is 
given by 

rfr am 6 =s 

, P J- (*«)} 

where n is the distance of the oscillator from the centre of ihe sphere, a is 
the radius of the sphere, 2irfic is the wave-length of the oscillations, and 

ss cosd Writing 

fca = =5 Zu KT ss z, 

this becomes 

^|r = 

' ^ ^{zo*K,^i(iZo)} 

( 1 ) 

It has been proved that, when the point P is outside the boundary of the 
geometnoal shadow and on the side of the sphere remote from the 
oscillator, the pnnoipal part of yjt is oontnbuted by two sets of terms of 
the senes ( 1 ), where the rate of oscillation of the senes is small , for one of 
these sets of terms the values of n are less than a,, and for the other set the 
values of n are greater than «» As the pomt P approaches the boundary of 
the geometrical shadow, the values of n tor which the rate of osoiUation of 
the senes vanishes both approach zo, and therefore, when the point P is 
near to the boundary of the geometnoal shadow or inude it, the pnncipal 
part of the senes is oontnbuted by the terms for wbioh » is m the neighbour- 
hood of sb- 

For the special case, where the pomt P is on ^e surface, since 
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the relation (1) becomes 

^ = KZi-»i{2n+l) ( 2 ) 

OZf) 

The sum of the terms of this senes, for which n+J— sb >8 of higher order 
than «oi, is at most of the ordei Zo~*yfri, where is the value of ^ at the 
point P due to the oscillator alone ,* the sum of the terms of the senes for 
which zo—n—^ is of higher ordei than 2 b^ is also at most of the order 

for can be expressed in the form in the neighbourhood of 

u 

any such term Hence the teimsof the senes (2) which are important are 
those for which |n+i— sb] is of the same or of lower order than Now, 
when |m+|— s| is ot the same or of lower order than zi, (tz) to the 

order of approximation required satisfies the differential equationf 



0 , 


where 3 f = C**"* (»+ J— *) » 

wnting f = 2fl, 


thu differential equation becomes 


iiZi: + ± = 0. 

^ 3f iff ’ 

the solution of which is 

where !« is Bessel’s function with imaginary argument 
Again, t to the same order of approximation, 

therefore 

2*15^ « +«-*«) 4 ra), 


that IB 
and 

or 


'(#) 

1 ( t ) 

Be 2 A = 2 

z*K,+t(u) * £ 

IF 


(3) 


* ' Phil Tnuia,’ A, voL SIO, H7 
t ' Phil Tnoa.,’ A, t«1 SIO^ p, 180 
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Further | («)} = ^ («)} . 

that 18 

whence ^ {**K,+| («)} = -? «f*K, (fe--) 

A knowledge of the zeros of {|fE| {l^e^ **) is required for the treatment of 
the senes (2), and these will now be discussed The function is 

an integral function of f and therefore what is required is the values of 
for which it vanishes Since ftK,(te-) IS unaltered when fe*- IS 
wntten for it will be sufhcient to consider values of f whose arguments 
he between 0 and Sw, now has no zeros whose moduli are finite 

when the argument of ^ is greater than — ^tt and less than fw,* therefore 
has no zeros whoso moduli are finite and whose arguments are 
greater than \ir and less than \ir When the argument of { lies between 
0 and Jw, writmg f = 

s K,(r«-n 

that 18 K, * K, ( - '), 

which has no zeros whose arguments he between — ^wand }«r and whoHe 
moduli are finite When the argument of f hes between and 3w, wntmg 

K,(fe— ) - KjCre*-). 

that IS = 

Hence the zeros of (fe~^) are the values of that correspond to the 
real values of that satisfy the relation 

j-i(r)-j|(r)»o 

Now J-, (a) = («)+- sin (lu), 

w* 

and J,(*) = 

r(«+j) •’ 

where 

- - I'-'-K'-iir*- 

* Maodonald, * Load. Math Soe. ProcV vol 80. p. 178 (1890) 


W, 
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iherefore 

J-.(r)-J.(.c) = [(«""-!) {e— 

+ 2 sm 

that 18 

J-, (*)- J, (a) = (f*«-l) [^-*(».+i)«Wi-e-'-»<»-+')«W,], 

r(n+f) 
or 

J,(a:) = 2t (27ra!)~* 8in ^ [e^*“Wi--r-"+**‘W>] 

1 («+J) 


Hierefore the zeros of J|(j;) are the real values of which satisfy 

whe relation 

«'***-*« c- W,7Wi'. 

where Wi' = | ds, W#' = J «“•«* 


The values of x which satisfy the above are given by the relation 
3-* = (A+i)ir+^log^,, 

where k is any positive integer including zero, that is by the relation 

* (A+i)w— tair*^, (4) 


where 2*U « W,'-W,', 2V = W,'+W,' 

Hence the values of which are zeros of {*E| are given by 
where xi^ is the real cube root of xn and xt is determiued by the relation (4). 

The corresponding values of f are given by 2*la;«M*', for 

f «2{«. 

For the calculations in view a fairly aocnrate value of is required, and 
only a rough approximation for «i The relation (4) is unsuitable for the 
evaluation of xo, but it can readily be obtained from the relation 

and Its value to four places of deoitnals is 0'68£4. Approxunatums for the 
next two zeros are xissS 90, Xfta^OB , the remaming aeros can be obtained 
very accurately from the relation (4) 

For the special case where the oscillator is very near to the surface, zi can 
be taken to be equal to except for points very near to the oscillator, and 
the relation (2) then becomes 

^ « *zo"*i(2»+l) 
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Since the important terms of the aeries are those for which |n+i— sit| i* 
of the same or of lower order than Zo^, the principal part of ^ is equal to the 
principal part of 

where the summation is extended on both sides of n+^ s 26. the appropriate 
approximations for given by relation (3) beuig substituted Since 

the values of v mvolved in the summation are all large the appropriate 
approximation for Tniii) is given by* 

P,(m) = Jo{(2»+l)Binitf}, 
dP« 


= («+J)8in^coBitfJi {(2M+l)smJtf}, 


whence 
and the senes becuineH 

(«.+i)*8indcoH Ji {(2a4-l)Bin|(?} 

pK-i ({«"**) 

Now, to the order of approximation required, 

J,{(2n+l)ainitf} = {2ir(2n+l)8in [e****’)*""**-*" 

and the senes becomes 

-2 (sin cos* [«(*»+» 

<..1 ftKj ( fi ***) 

Agam «+ J *s + 3 . 6~Mt 

therefore the pnncipal part ^ of ^ is given by 

whorB 

The functions are mtegral functions of {>, therefore 

can be expressed m the form 

5 A* 




where A* is the value of 


ft m 

* ' Load. Math. 8oe. Proa,’ vol. 81, p 968 (1689) 


when 
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that IB A* = 2*** (Sa,*)”*!?"*", 

and , 

iatO 

hence Si = 

had 

koifS 

The principal part of 

2 »in I — .atjjlel") 

f* 

IB the integral 3 6"*iio*J 

for n+^ — zo + S 

and since the exponential tends to zero at infinity in the upper half of the 
^ plane, and the only singularity of the integrand at a finite distance, viz , 
= 2~>a)Aiet'" IB in the lower half of the ^ plane, this integral vanishes and 
therefore the pnncipal part of Si vanishea The pnnapal part of 


18 the integral 





and the exponential tends to zero at infinity in the lower half of the {Tphine, 
therefore this integral is equivalent to the integral 


-3.6-W 






where the path of integration is any closed curve, which encloses the 
Bingulanty of the integrand, that is {^ss the value of this 

integral is 


whence the principal part of St is 


kmO 

and therefore the principal part of ^ is given 

f..- A 
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If 18 the value of yr siu 0 due to the oBcillator alone, the priuoipal 
part of y/ri IB 


—IK COB* 1 0 g-*^**"!*, 

hence 


^ = 4ir* (So* sin ^ «)* 1 (3**)"* W**" (5) 


When the point P is at a considerable distance from the oscillator the first 
term of this senes will give a sufficient approximation, but, as the distance 
from the oscillator diminishes, a greater number of terms is required, and, 
when the distance is such that sin ^ d is small, the senes converges very 
slowly, ultimately tending to the form 2{(A:+ since from (4) Xk tends 
to (k+iyir, when i is a large number, and this senes diverges The value to 
which ^ tends as 0 tends to zero can be obtained as follows The series 


i c-P«)y 'In ifc*" 

LmO 


tends to the same value as the integral 


that IS as the integral 





.-,1 rill av. 


which has the value ^ w“* (*«* sin ^ 0)~i and therefore, as 0 tends to zero, 
^ tends to the value 2^], the value to be expected. 

The preceding analysis neglects the terms for which | a+^— is of higher 
order than sb^ , it will now be proved that the inclusion of these terms does 
not affect the result, for, when n+^— s is of higher order than ^ the 

approximate value of ziK„4.|(a)|^ {siKa4.|((z)} is (8inhS)~S and when 

s—n— } IS of higher order than gt the approximate value is —t sec «,* that is 
in both oases * Further (*/3)*fiK|(fe“*‘)/{*K|(f«“") 

approximates to the value (s/3f)*, that is ** {2(«+J— s)}“* for all values 
of f except those which he in the neighbourhood of the line ei** The senes 
(2) now becomes 




* <PhiLTr«».,’A,ToLno 
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and it appears at once, when the summation u reidaoed integration, that 
the molusion of these terms has not altered the singnlantieB, lienee the reealt 
IS not altered 

The values of the amphtude of the ndio which is the same thing aa 
the value of the amplitude of the ratio of the eleetnc force at the surface to 
the electric force in the same direction due to the oscillator alone, have been 
calculated from the formula for values of $ from 6° upwards at intervals of 
20' of arc , in the calculation the first term of the senes has alone been taken^ 
the effect of the second term is negligible except for the first three entnes in 
the last column and the first entry m the preceding column, when tlie 
second place of decimals is possibly afiboted. The wave-lengths are those 
that correspond to the values 50, 40, 32, 25, 20 of (so)*, that is, for the 
earth’s surface wave-lengths of 320, 625, 1220, 2560, 5000 metees, the 
distance d 111 miles is given in the second column 


a 

Hilei 

A 

820 meiret 

A *• 

625 metres 

1 A- 

1 1220 metrai 

1 

A * 

2660 uiotroft 

A « 

6000 snetree 

% 0 

419 

R9 

0 84 

■MM! 

0 80 

1*04 

6 SO 

442 

BlH 

0 so 


074 

0 98 

0 40 

466 

BIB 

0 26 


0 e» 

0 98 

7 0 

480 

Kin 

0*22 


0*64 

0 88 

7 so 

512 

0 09 

0 19 


0 69 

0 88 

7 40 

686 

0-07 

0 17 

0 82 

0 66 

0 78 

6 0 

6fi9 


0 16 

0 so 

0 60 

0 78 

8 90 

682 


0 18 

0 20 

0 46 

0*69 

6 40 

606 


0 11 

0 28 

0 48 

0 65 

0 0 

OM 


0*09 

0 21 

0 89 

0 61 

9 ao 

668 


0 08 

0 18 

0 86 

0 67 

9 40 

676 


0*07 

0 16 

0 68 

0*68 

10 0 

698 



0 14 

0 80 

0 60 

10 SO 

721 



0 18 

0 88 

0 47 

10 40 

746 



0 11 

028 

0 44 

11 0 

768 



0 10 

024 

0 42 

11 SO 

791 



0 09 

022 

0 86 

11 40 

814 



0*08 

0 80 

0 86 

IS 0 

887 




0*18 

0 84 

18 SO 

861 


1 


0 16 

0 88 

12 40 

884 


1 


0 16 

0 80 

18 0 

907 


1 


0 14 

0 28 

18 SO 

981 


1 


0*18 

0 26 

18 40 

954 




0 18 

0*24 

14 0 

977 




0 11 

0*28 

14 80 

1000 




0 10 

0 21 

14 40 

1024 

1 



0*09 

0*20 

16 0 i 

1047 




0*08 

0 18 

16 20 I 

1070 




0*08 

0 17 

16 40 

1094 





0 16 

16 0 

1117 





0 10 

16 SO 






0*14 

16 40 






0 18 

17 0 






0 18 

17 90 






0*11 

17 40 






0*10 

18 0 

■ill 





0 10 
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To find the absolute value of the ratio of the eleotnc forces at two different 
distances it has to be observed that if 0 and are these distances, E and E' 
the electric forces at them, then the ratio of the two numbers m the table 
corresponding to 6 and 6* is the ratio £ sin }0/£' sin (0' , for example, 
for a wave-length of 6000 metres, the ratio £/£' for distances of 600 and 
1200 miles is very approximately 1/12 
The effect of the distance of the oscillator from the surface, when this 
distance is very small compared with the radius of the sphere, can be 
obtained from the senes (2) For, zi—xo bemg very small compared with Sj, 
*i*K,+4 («) 

= i (zi K„+j 

neglecting higher powers of zi-^zo tlian that is 

0 

*i*K*+j(«:) as *o*K„+4(«o) + 2*i8in*Je)^{ab*K»+j(«»>} 

+ 2 6>'o" •:!* sm« J eigsi)*K,+4 (/*»), 

where ei is the angular distance of the line of contact of the geometrical 
shadow with the sphere from the oscillator, and, therefore, the principal part 
of yfr IS equal to the pnncipal part of 

- 3- V 2 (2 a + 1) {1 + 2 6l*to-«*i*f sin* } J (I ^ 

From this, by the previous analysis, it follows that 

--47r*i«io*2i“* {«o* sin Jtf}*co8*J^f"*‘***‘“f**'A*‘S[(3.c*)“l 

tmO 

+ 2e**%~hi* sin* J ei] «-<»*»)• 

In this case 

^1 ss — M0os*^6e~*^<>''°i*[l— 2tsiRin*|et8in}^+<si8in*^cicos*J^cosec|^], 

and, to the order required 

as 4w* {Sftlsin [(1 + 2u;i) sin* sm 

+ tso sm* J«i cos* iO cosec id)Fi+2 (ai(*«**‘ain* J«i) F*], 

where 

Fi as K, s 2g-<8»»)*(*3«i»i»>+n 

kmQ kmo 

As 8 dimmishes and becomes very small, the senes F| converges more 
slowly than Fi, but as 6 tends towards ci, F« tends towards the same value as 
the integral 

2y^«"*<*^*^**>**"y*dy, 
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which has the value 

Jw'* (^0* sm 

and therefore as 0 tends to ei, ^ tends to the value 

2 ( 1 + 2 sin** J ej + sin® ^ ex cos* | e— t^b sm" ^ ej), 

that IB to the value 2 (1 + 2«^ sm® ei), 

which 18 finite. When the point P on the surface is at a distance from the 
o&eillator for which the first term in each series is alone significant, the ratio 
of the amplitude of the term due to the height of the oscillator above the 
surface to the term independent of the height is 2 ( 3 a;oV( 3 b^sin iei/, that is 
3 234(^0* Bin i€iy 

For a height of 500 feet and a wave-length corresponding to Xo^ ^ 50 the 
value of this ratio is appioximately 0003 
The result can also be obtained when the pomt P and the oscillator arc 
both at very small distances from the surface For, writing 

0 0 

It follows that 

0 0 

{*oK,+| (Co)} («) 2^ {*isr«+» (*»)} 

» G+H*-*<.)* {»f»+l)K-l} G. 

that IB 

3 3 

(i*)^ {*oJ,+, («,)} 

= ~[l+2 6»(ait MB 

where < is the angular distance of the line of contact of the tangent oone 
from the point P to the surface from the point P, and, therefore, to the 
same order as in the former case, 

f s -*«i,-»2(2tt+l){l + 2 6»(3b*8inJ«)*?+2.6«(«^,*8mJ«,)?} 

From the previous analysis it immediately follows that 

X 2[(3a,*)-l + 2aQ» (sin* ie+mn* | «i) «•-] 

*■0 
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that 18 

^ s= — 4w* /*co8* {ab*8in J^}*®*'*"^**'''*" 

X [Fi + 2 Si* (mn* J e + Bin* J ei) pi"F»] 

The corresponding results for a perfectly absorbing surf^ or an imper- 
fectly conducting Burface can be obtained from the above * 


The Electrical Condition of a Gold Surface during the Absorp- 
tion of Gases and their Catalytic Combustion 
By Haeold Habtlxy, M So f 

(Communicated by Prof William A Bone, F B.S. Beceived January 26, — 
Bead March 12, 1914 ) 

Introditelum 

In 1905 Bone and Wheelei,in their memoir upon “The Combination of 
Hydrogen and Oxygen in Contact with Hot Surfaces, drew attention 
to the possible connection between the electrical oonditions of hot sur&ces 
and their power of rendering “ condensed ” or “ occluded ” gases chemically 
active Shortly afterwards Bone and Makower, m a senes of unpublished 
expenments, observed that a gold surface becomes negatively electrified 
dunng tlie catalytic combination of hydrogen and oxygen at 300° or there- 
abouts 

The recent inventions, by Bone and his co-workers, of processes of 
“ fiameless incandescent surface combustion,” whereby the constituents of 
an explosive gaseous mixture, in correct combining proportions, are caused 
to combine at a highly accelerated rate, and without development of flame, 
m contact with (or within the pores or interstices of) on mcandescent solid, 
have again called attention to the important rdfe played by hot surfaces in 
acoeleratmg combustion, and to the great economic advantages derivable 
therefrom. The phenomenon is now known to depend upon a peculiar 
“ activation ” of the combustible gas, and probably of the oxygen also, by 

* * FhiL Ttau ,’ A, vol. SIS, p 837 (1818). 

f Late holder ol the Fellowehip for Oaa Beeearoh eetabbahed by the Inatitution of 
Oai Bngmeere at the Univemity of Leeds 

I ‘Ffail Trana,’ A, voL S06, pp. 1-67 (1906). 
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association with the sarfaoe At relatively low temperatures the intensity of 
such action vanes with the chemical characters and physical condition of 
the surface, but it rapidly increases with the temperature until at bright 
mcandesoence there is httle to choose between the catalysing power of 
chemically different surfaces, porosity and refraotonness being now the 
dominant factors* 

In a discussion upon the subject at the Bntish Association in 1910, 
Sir J J Thomson remarked, *'It was not improbable that the emission 
of charged particles from the surface was a factor of pninary importance 
and he suggested " that the action of surfaces might ultimately be found to 
depend on the fact that they formed a support for layers of electrified gas 
in which chemical charges proceed with high velocity 

The experiments recorded in this paper were carried out by the author 
under the supervision of Prof Bone, while holding the Kesearch Fellowship 
OKtahlished by tlie Institution of Oas Engineers at the University of Leeds, 
they prove the existence of an intimate relationslup between the occlusion of 
gas by a hot metallic surface and its electrical condition, whilst ludirectly 
they lend support to the view, recently put forward by J A Harker^ 
J N Priug,§ and others, that the well known electronic emission from 
incandescent solids is probably dependent upon the occlusion of gas 

ExpenmeTUal 

The Apparatus — Gold was selected as the most suitable metal for the 
piincipnl experiments because (1) of its marked catalysing power at moderate 
temperatures, and (2) of its not forming any definite chemical compound 
with any of the gases under investigation (hydrogen, carbon monoxide, or 
oxygen) For whilst it is not nearly so active in promoting combustion at 
low temperatures as metals of the platinum group, its action is more amenable 
to control than theirs , moreover, although its activity is of about the same 
order as that of nickel, it displays no appreciable tendency to eitlier oxide or 
carbonyl formation under the required experimental conditions 
The metal was employed m the form of a gauze of fine gold wire, of 
22 strands (each 015 mm in diameter) per centimetre, which bad been 
specially woven by Messrs Johnson and Matthey for Bone and Wheeler's 
oxpenmentB (loc ctt*) 

* Bone, * Joum Franklin Institute,’ 1912, p 107 ; also ' Ber Deut Chem. Gee./ 1913, 
vol 4G, p* 14 

f * Bnt Assoc Reports,* 1910 (Sheffield), p 601 

I J A Barker and O W C Kaye, * Hoy Soc Pros./ A, vd 86, p 379 (191S), and 
A, vol 86, p 028 (1913) 

g J N Pring, * Boy Soc. Proa,’ A, vol 89, p 844 (1913). 
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An insulated roll, A (see diagram), of this gauze was suspended from a gold 
wire, A'A', in a cylindrical Jena-glass bulb, BB, of about 75 o.c capacity, 
which was heated to the desired expmmental temperature in the air-bath, 
DD, the gas supply of which was suitably controlled The gold wire, A'A', 
was threaded through the horizontal glass capillary tube C, which passed 
through the ebonite plug F, The joints between (1) wire and glass at 0, 
(2) the tube C and plug F, and (3) the plug F and the lateral branch, EE, of 
the main apparatus, were rendered air-tight by means of sealing wax; the 
gauze A thus insulated was connected through the wire A' A' A' with a 
quadrant electrometer (not shown in the diagram) 



a, ' 


AimmATft 
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Aa to the leiuaming parts of the apparatus^ the upper part of the bulb BB 
teniunated m a wide vertical tube G, leading through a ground-gloss joint, H, 
to a tube, K, contoimug phosphoric anhydride, previously re-distilled in a 
current of dry oxygen over platinised asbestos The under part of A 
terminated in a narrow hard-glass tube L, which was bent round, first 
into a vertical direction and then (after its projection out of the air-bath) 
into the horizontal branch MM, as shown in the diagram Lateral branches 
from MM served (1) to complete the circuit (through K) with the head of the 
apparatus, (2) for the evacuation of the apparatus through the stopcock K, 
and (3) for connection with the mercurial pressure gauge P The gas under 
examination entered the apparatus through the stopcock Q, having previously 
traversed a tube R packed with glass-wooL 

The difference in temperature between the bulb A and the upper part of 
the apparatus was sufficient to maintain a slow movement of the gas in the 
apparatus during an experiment, whilst the phosphoric anhydride m K kept 
it dry Tlie whole of the apparatus was protected from external electro- 
static effects by sheathing it in aluminium foil, which was “ earthed 

1st Series — of Negative Charge during the Conxhxnaivm of Hydiogen 
and Oxygen in Cemlaet mth the Surface 

These experiments confirmed the previous observation of Bone and 
Makower , the apparatus was exhausted and the temperature of the bulb A 
raised to a degree (about 350°) sufficient to make the gauze active towards 
electrolytic gas • The electrometer was thereupon " earthed,” and electro- 
lytic gas (prepared by the electrolysis of a solution of barium hydroxide) was 
slowly admitted into the apparatus up to a pressure of 450 mm or there- 
abouts As soon as the oombination of the gases in contact with the gauze 
had begun, the earth connection with tlie electrometer was broken There 
was always a steady movement of the spot of light along the scale up to 
about 65 divisions (sensibility s= 236 divisions per volt) m a negative direction, 
corresponding to a negative charge of approximately 0 2 volt on the gauze 
Such a result could be rejieated mdefimtely, and the question arose • Is it to 
be ascribed to the actual chemical combination of the two gases at the surface, 
or to the absorption of the gases by the metal which presumably precedes this 
combination ? It was therefore necessary to study the effects produced 
M'hen each gas is separately absorbed by the metal 

* Ths temperature mdicated by tbe thermometer of the air-bath was doubtless 
higher than that of the gause itself , Bone and Wheeler (toe. ett,) found that a tempera- 
ture of SfiO* sufficed to make the gauze active towards electrolytic gas. 
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2nd Series — The Hleetneal Effect due to Ahmrfdron of Hydrogm 

At the conclusion of the previous senes, the apparatus was evacuated for 
three hours, and the temperature of the air-hath raised to 478° Carefully 
purified hydrogen was thereupon introduced up to a pressure of 715 inm , 
and after a further interval of 2j^ hours the eleotncal condition of the gauze 
was examined , it was then found to have eusqmred a negative charge of approxi- 
mately 1-2 volt The temperature of the enclosure was thereupon lowered 
to 370° and, on the following day (the gas having remamed m contact with 
the metal overnight), the following senes of observations were made, indi- 
cating a rapid chargmg up of the gauze after sucoeaaive “ earthings ” The 
sensibility of the electrometer (charge on needle = 200 volts) was 147 
scale divisions for a charge of one volt 


Observaiion 

Hour 

Temperature of 
encloaurc 

Kleotrometer reading 
R( ale divisions 

(1) 1 

10 46 

ser 

1 

1 « 


10 46i 

' -244 


Elaotvoxuoter earilied 


(2) 

10 60 

ser’ 

0 


10 501 

-172 


Eleetrometiar eaHhed 


(8) 

1 10 62 

w 1 

0 


1062i 

-18« 


Kleotrometer earthed 


(4) 

o o 

870" 

1 -176 


Klectromnter earthed 


(0) 

10 67 1 

10 67i 1 

I 378” 

. 0 

1 -176 

1 

1 

Eleofarometer earthed i 

1 


Observations (2) to (5) inclusive showed the gau/e between each successive 
insulation and '‘earthing” acquired a negative charge of afqiroximately 
1--2 volts in 16 secs. 

The sensibility of the electrometer was then reduced to 120 scale divisions 
per volt (charge on needle ss 80 volts), and the expenment continued The 
gauze now charged up, at a late of about 1*1 volt per minute, to a steady 
maximum of ->-1 6 volt 

8xd Senes — On the Eleotncal Bfflute due to the Abaorptwn fff Oxygen 

Immediately after the conclusion of the previous senes, the apparatus was 
exhausted, the temperature of the bath being meanwhile maintamed at 370 

TOL. xo— 1. r 
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to 390° On admitting oxygen, the gauze continued to show a negative 
ohaige, which gradually diminished in intensity, however, during a penod of 
several days, and finally gave place to a steady positive charge of + 0 8 volt, 
which subsequent experiments proved to be the true oxygen effect 
This greatly delayed manifestation of the true oxygen effect is doubtless bi 
be ascribed to the masking effect of liydrogen occluded dunng the previous 
series of experiments, which was obstinately retained by the metal, long oftei 
the substitution of oxygen for hydrogen in the surrounding atmosphere 
Indeed, the evidence of the reseaich as a whole pointed to two important 
conclusions, namely (1) that an occluded gas can only be removed with great 
difficulty by mere exhaustion, and will continue to manifest its peculiar effect 
on the electrical condition of the metal foi a considerable time, even when 
another gas with an opposite effect is being altsorbed, so that the true effect 
of the latter may be for a time masked, and (2) that the charge acquired by 
the metal is due to gas leaving fiiot entenng) it, after deep occlusion, a cir- 
cumstance of considerable interest in connection with the phenomenon of 
surface combustion 

4th Senes— On the Eledncal E^eUa due to the Aheorptum of Cation 

Monoxide 

After the conclusion of the previous senes the gauze was kept at the room 
temperature foi a montli in (contact with air The apparatus was then 
heated up to 360°, and after a full day’s exhaustion at that temperature pure 
diy carbonic oxide was admitted up to a pressure of 463 mm For some 
days the gauze continued to show a positive charge, owing to the masking 
effect of the residual occluded oxygen from the previous senes of oxpen- 
ments. This positive charge, as well as the rate of charging up after 
sucpssBive "ear things" of the metal, gradually diminished, until finally (the 
temperature of the apparatus having meanwhile been raised to 400°) the true 
negative effect of the carbon monoxide, which in two successive expenments 
amounted to about —06 volt, asserted itself 
On subsequently lowering the temperature rather rapidly from 400° to 
350°, and again testing, the gauze showed for some mmutes practically no 
charge at all, but shortly afterwards ogam develo])ed a strong negative 
oliarge On further rapidly lowering the temperature to about 300° the 
same thing was again observed, namely, a temporary absence of electrical 
effect, followed a few minutes later by a strong negative chaige, this time 
of — I'O volt Finally, on ra{ndly Icwenng the temperature to 260°, the 
effect agam temporarily disappeared. 

The above facts would seem to indicate that the electrical effect is really 
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due to oooluded gas leaving the metal, for on rapidly lowering the tempera* 
ture the outward flow of gaa would be temporarily oheoked or lessezied, 
producing a cessation or lag in the electrical effect, which was always a 
marked feature in the expenments 

In further support of this vievv may be cited some later observations on 
the effects of successive sudden reduction m pressure upon the magmtude 
of the negative charge on an insulated silver rod maintained at a constant 
temperature of 85*^ in an atmosphere of pure dry carbon monoxide , the 
effect of a sudden reduction in pressure would be to temporarily increase 
the outward flow of occluded gas from the metal, which, accoiding to the 
above rise, should be accompanied by an increase in the intensity of the 
n^ative charge 

A rod of pure silver, 3 mm ui diauietei (flattened at one end to 5 mm.), 
was fftted m a Jena glass tube liy means of an ebonite plug, through which 
It was connected with tlio loaf of a Wilson tilted electroscope The capacity 
of the apparatus was purposely made as small as possible so as to permit 
of a rapid lowering of ]>res8ure in the geiseous atmosphere surrounding the 
rod The actual observations were made after the rod liad been maintained 
in contact with carbon monoxide at atmospheric pressure for a week at a 
temperatun^ of 90-^95° for most of the time, during which it liad consistently 
shown a marked negative charge The temperature was Anally adjusted at 
85^^ and starting with a pressure (Poo) of 754 mm the effect of successive 
rapid diminutions in pressuie upon the negative potential rod were recorded, 
as under : — 



(1) 

(2) 

(«) 

(6) 

Tempentuie 

8S° 

86“ 

86* 1 

87“ 

Poo 

754 

889 

186 A 

106 5 

Deriatiou of the eleotrosi ope leaf 

36 

66 

61-0 

72 0 

Deviaitioii for a char((e of -S/8 volt on electro- 
■cope leaf 

68 

70 

70 0 

76 0 


The marked nse in the negative potential of the rod after each sucoessive 
reduction in the pressure of the carbon monoxide atmosphere clearly 
indicated that the electnoal effect is due to occluded gas leaving the metal 


6th Series — Mxpenmmts on the Combination of 2CO + Of mr Gold 

To complete the investigation it only remained to carry out a senetf of 
obeervations upon the effect of the combination of a mixture of oarbon 
monoxide wad oxygen, in their combmmg proportions, m ooniaot with tlie 
gold gauze similar to those already made (Ist Series) in the oaae of electrolytic 
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gas. For this purpose a U-tube oontauung eohd caustic potadi, aa veil 
as a long glass spiral immersed in liquid air, were sealed m senes into 
the upper part of the apparatus outside the air-bath to remove any carbon 
dioxide formed, as rapdly as possible the temperature of the air-bath 
was raised to 370°, and aftei prolonged exhaustion at that temperature 
the mixture of caibon monoxide and oxygen m their oombining ratios was 
admitted The gauze now rapidly developed a negative charge of —0 7 to 
—085 volt, which was repeatedly re-established within about one minute 
after each of many successive momentary “ earthings ’* of the metal 

Conrluston 

The results of the investigation may be snmmansed m the following 
conclusion: — 

(1) A gold surface acquires a negative oharge during the catalytic combus- 
tion of gases in contact with it 

(2) Hus electrical effect is probably anteoedent to the actual combustion, 
and IB primarily due to “ occlusion ” phmiomena 

(3) The metal becomes negatively charged during the occlusion of the 
combustible gas (hydrogen or carbon monoxide), and positively charged 
during the occlusion of oxygen 

(4) Such electrical effects are probably due to occluded gas whidi is 
leaving (rather than entering) the metal Any cause, such as a sudden 
lowonng of temperature, which would momentanly check the outflow of 
occluded gas, will likewise dimmish the intensity oi the charge, or may even 
momentanly stop it altogether Conversely, a sudden diminution in tiie 
outside gaseous pressure in the vicinity of the metal, which would increase 
tlie rate of outflow of the occluded gas from the metal, will temporarily 
increase the intensity of the eleotncal effect. 

(6) Such temporary disturbances in the intensitiee of the eleotncal effects 
as are desonbed in (4) are probably due to the fact that a change in either 
temperature or pressure of the system is accompanied by a change in the 
dynamic eqmlibrmm between the in-going and out-flowing gas at the surface 
system, which change lies behind the exciting cause 

The beanug of the above conclusions upon the question of surface com- 
bustion will be discussed in a subsequent memoir embodymg the resnlts of 
ffirj:her expenments by Prof. Bone and his pupils, who are now engaged upon 
extend]!^ the subject in the new Department of Chemical Technology at the 
Impenal College of Science and Technology, London 
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Tthe Diffusion of Electrons thr<yiigh a Slit 
Bj J H Magkik 

(Communioated by Prof J S Townsend, F ILS Received January 27, — 
Read March 12, 1914) 

In a paper on “ Tho Mot ion of Electrona in Gaaea/’ by Prof Townsend and 
Mr. '1 izard* it was shown how, by measuring the lateral diffusion of a stream 
of electrons in an electric field, it is possible to find A;, the factor by whioh 
the energy of agitation of the eleotrons exceeds that of the surrounding 
molecules The ions come at a uniform rate through a slit S of width 2a in 
a large metal plate A, and traverse a distance r in the direction of an electric 
force Z The plane of the plate A may be taken as that of the origin of 
co-ordinates being t>he centre of the sht which latter is taken parallel to the 
axis of y The ions are received on three insulated electrodes, vi, ra, which 
were portions of a disc of diameter 7 cm^ ca bemg a nairow strip 5 mm wide, 
cut from the centre of tlie disc and insulated by narrow air gaps from the 
two electrodes, cu on each side of it The electric field between A and 
the electrodes C was maintained constant by a series of nngs of diameter 
7 cm , kept at uniformly decreasing potentials In this case tho differential 
equation giving the distribution n of electrons in the eloctnc field is 

If q IB defined to be j udy, this equation becomes 



If «i, n,, n, are the charges received by the electrodes oi, ca, e^, it an 
sltown that the values of Z/k can be found by determuung the ratio 
R a ni/Cni+ms+ns), m the value of k corresponding to any Z can be found 
Expenmenta had previously been performed in which a circular stream of 
ions was collected on conoentno mroular electrodes, and from the results it 
appeared that the term d’n/dt’ was small compared with the others By 
neglecting this term, Prof Townsend obtained a solution of the differential 
equation in a simple form and plotted a curve with oo*orduiates R and Z/k 
It 18 desirable to know exactly what degree of accuracy is obtained by the 
simple method, and calculations of the values of R ware made from the aeries 
whioh represents the solutions when the term d'n/ 3 ^ is retained 


♦ ‘Roy. Soe Proc,* A, vol (1918) 
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Tile complete solution ooriesiioiidiug to the oyliudrioal boundary 
7 ss 3 5 cm which was used m the expenments would be very oomplioated, 
but, as the width ot the held was so large, very few ions travel outside the 
electrodes, and it will be quite allowable to assume the boundary to be 
rectangular, the width estimated (larallel to x being 6 cm For Eumilar 
reasons the electrodes may be assumed to lie jiortions of a lectangular plate 
of width 6 cm. The number of ions in a strip of width dx will be dx^ndy 
or qdx 

The problem, therefore, is to determine tlie charges acquired by the 
electrodes when the distnbution q satisfies the differential equation 


22+% = 4iZ h 


and the lionndary conditions — 

(i) at the upper plate, where z ^ 0, 

q = joi wlien X > — ff and < o, 
j * 0, when wr* < — a and when / > « , 

(u) j = 0, when x = ±b for all values of :: 

2h being the width of the boundary, or 6 cm , 

2fl „ „ slit, or 0 2 cm 

A solution of the diflerential equation is 

q = SAe*" cos juc, 
where, if 2\ be written for 41 Zjk, 

To satisfy the condition (u). 




Using the results 


f* (2r+l)ira! (2h+1)vXj ^ 

J_7 26 


rj^s. 


6, rsss, 


we find the ooefiioientH of die Founer expaasioa to be 


TT (2<?+l) 2h 


Uierefore g - l_ H,a^^i»?cos(224l222 

^ ’ TT . 2»+l 26 26 
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The rate at which a charge i8 acquired by a stnp dx of an electrode 
will be 

dx^wvody = 6dx (aay), 

where w is the velocity m the direction of z of an electron mo\ing under an 
electric force Z , w is given therefore by 


nw OH . rt. 

K = 


where K is the coetlicient of difTuaton 
Therefore Stic is proportional to 




where q is evaluated at the electrode, z sz 4 

In the case of real electrodes, the presence of the metal would cause a 
slight change in the distribution at neighbouring points, but 6 would be the 
charge received per unit time by a strip of a real electrode placed at a 
very small distance below the point at which 6 is evaluated 
From the expression already found for q we have 


doc 



2«-f 1 


-sin 


2j ““ 26 


If Im 18 the width ut electrode o, 




... (2»+l)TrJi 


■8111 


26 


therefuro 


R = 


T \ ^ 2X ' (27^"*" 26 2h 


wri 




(2^+1) W/T 


where 2X. » 41Z/6; and « ss y/^X*+(2«+1)*^)— X 

a SB 0 1 cm 6 SB 2 om e = 4 cm Xi bb 0 26 cm 


The followup table givea the values of »>, Ai+ni-fns omresponding to 
different values of Z/k, the ratio of the charges B ss «!•/(», -|-ni -fa,) is 
given in the fourth oolumn of figures. The total number of ions coming 
through the slit is 0‘2x 2XgtoE (when E is the ooefficient of diffusion), and 
the difference between the numbers m the third oolumn and 0 2 npresents 
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the number of loue that diffuae outwards and become discharged by tlie 
boundary at the distance of 3 cm from the oential plane. 

It will be seen that more than 99 per cent, of the ions that enter the field 
are collected by the electrodes wlien the ratio B exceeds 0 2 
The fifth column contains the values of the iiitio li' derived from the 
simplified equation 

The vdnoa B' are those used by l^of Townsend and Mr. Tizard to deduce 
the values of k from the experimental determination of na/(ni + / 23 + /is) 

The agreement between the numbers in the fourth and fifth columns 
shows that the error introduced by neglecting the term in the 

differential equation for n is negligible for the larger values of B, and nses 
to a 4-p6r-oent error when B is equal to 0 2 * — 




1 

— 

- 

Zlk 

*4* 2X^(iE 

] + iij)+SX9oK 

» 1 

1 

B' 

0 



0 1861 1 


0 1 

0*081480 

0 18988 

0 I6M 1 


0 a 

0 041878 

0 19877 1 

1 0 8068 1 

0 200 

0 6 

0 002784 

' 0 190S8 1 

1 0 8180 1 

0 310 

1-0 

0 O840SO 

1 0 19988 1 

I 0 4848 1 

0 426 

1 6 

0 101820 

. 0 19990 1 

0 6000 1 

0 606 

2 0 

0 114040 

1 0 20000 1 

0 6701 1 

0 670 


„ 

' 1 
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Studies ef the Processes Operative in Solutions. XXXL — 
Sul^^konio Acids and Sulphuric Acid as Hydrolytie Agents 
•—a Discussion of the Constitution of Sulphuric and other 
Pok^Msio Adds and of the Nature of Adds. 

By Hzamr E. ASMSTBOiia (F.B S ) and F. P WoBLsr (DEo.), Flrofowor of 
Chemistry in Auckland Umversity College, New Zealand 

(Beoeived January 22, — ^Bead Fefaruaiy 26, 1914 ) 

“ Moat of the phlogiatua ohemuta admit of the existence of ntal air as a oomponent 
part of acids , a position which seems indeed to be as well eatabbshed upon hot as any 
part of the science of chemistry " ' The First PnndpleB of (Themistry ’ By William 
Nioholson, London, 1780 

Those who are conversant with the history of the development of our 
present theory of structure are aware that the constitution of lactic aud 
was the subject of discussion, in the years 1858-1860, by the distinguished 
German chemist Eolbe and the equally distinguished French chemist Wurts, 
the latter contending that the acid was dibasic, whilst Kolbe held that it 
was a monatomic monobasic acid, viz hydroxypropionic acid — a view which 
has long been accepted. 

The discussion has an important place in chemical literature, as it 
practically involved the recognition of the dootrme that organic acids owe 
their distinctive properties to the presence of the carboxyl radicle, (CO OH). 

We propose to deal with sulphuric amd in a similar manner and to 
advocate the view that it is not a dibasic amd in tlie proper sense of the 
term but more nearly the inorganic equivalent of lactio amd — a view which 
IS applicable probably not only to all “ polybaaic ” inorganic acids and to . 
carbonic acid but also to “hydrated" baaio oxides, moreover the argument 
we shall advance is one which raises wide issues as to the properttes and 
atructvre of "salts” generally 

Sulphuno amd has been constantly under consideration by one of us sinoe 
1870 ; indeed, the present memoir may be regarded as II of a com* 
munioatum made to this Society, in that year (the subject of his thesis for 
the HiJ>. degree in Leipsig), entitled " Contributions to History of the 
Adds ol the Sulphur Senes."* It may be added that a communication 
whidi he made to the Chemical Sooidy in the following yearf— “ On the 
Vonsation of Sulpho-aoids ” — actually opens with the statement " Occupied 

* * Boy Boo. Proo.,’ voL IB, f, SOS (lS70)k 
t ' Chen. Boo, Joura.,’ 1871, p. 17| , * &A Boport,* 1865, jw 861. 

m. XG.-<-A. O 
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with an investigation into the constitution of snlphimc acid, the views on 
which are. as is well known, extremely conflicting, etc” Thronghoat the 
interval, he has never ceased to pay attention to the acids of the stilidiar 
senes Of late years, however, the subject ajq;>eaTB to have lost interest, 
on the theoretical side, in the minds of most chemists, as the habit of 
wnting formula in accordance with the fashion whidi set in at about the 
time referred to has exercised so great an influence that it has been generally 
assumed that the problem was solved in favour of the symmetnoal formula 
SOj(OH)i, which has long been used, without question, as representative of 
Bulphunc acid 

In point of fwt, the problem was scarcely npe for solution * constderattons 
such as can now be advanced were not then available , mdeed the conception 
of “ an acid ” was still a vague one — and it is fkr firom defimte yet, notwith* 
standing the fundamental importance of amds 

It must not be forgotten that hitherto we have had no decisive methods 
of deoiphenng constitution in the case of the simpler oomponnds, especially 
those of elements other than carbon. In the ease of carbon, the number of 
compounds is so immense that it has been possible to put onr chemioal 
hypotheses to the test of practice over and over agam and the odds are so 
enormously in favour of our fundamental postulates that we may olsm to 
have devised a symbolic system which is self<oontained and a prsctioally 
complete expression of the tacts * whatever diange may take place m our 
views of structure, whatever the extent to which they are modified in course 
of time, our present symboho language is so complete that it will <mly be 
necessary, probably, to translate its terms mto those of the new tongue. 
But in the case of elements other than carbon, it has not been possible to 
nng the changes in such a way as to favour one partioular view to a 
preponderatmg extent * fortunately, new methods are now being developed 
and, It may be hoped — in view of the remarkable results omved st by Barlow 
and Pope, by Lane and by the Braggs, correlating crystalline form with 
internal structure — that ere long we shall be able to deal even with 
"simple” Bubstances. 

In diacuBBing the nature of acids and the manner m which they aett it is 
all important to remember the conception embodied m the word oxygen and 
why it 18 that one of the gases in air was so named originally * the argument 
is best stated in Lavoisier’s own words *— * 

"Nous avoai donn6 i la hue d» la portion reapirahle do I’air le aom d'ozygtee, oa Is 
d4rivant do deux moU greca, ooidt, paroe qu’ea effet ono doo 


* ‘Trait6 tUmontaire do Chinuo.’ See 'Davies do Lavouler,’ Tome I, Pans, 1664. 
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propn6t^ le« pluct gdn^r«lea de oette baae est da former das acides on ae oombinant avec 
U plupart dea aubstancas. Nous appelleronfi done gac oxygbne la r6union de cetta base 
avec le caloriqoe ” 

The highest oxides of phospliorus, sulphur and carbon were named by 
Lavoisier phosphoric, sulphuno and oarbomc acid respectively. 

His prescience was remarkable. No more significant term has ever been 
devised, as it is undeniable that oxygen %h the acidifying principle, par 
ixcdlmee^ whether or no all acids contain oxygen though many oxides are 
basic substances, the metals in them being sufficiently positive to overmaster 
the negative properties of the oxygen, it is true generally that the more 
highly oxygenated they are, the less they are basic and that, in not a few 
cases, the addition of oxygen to basic oxides involves ultimately their con- 
version into acidic oxides 

The distinction between acid, base and salt was made very clearly by 
Lavoisier lu the following passage . — 

^ Lss substances amdifiables, en se oombinant avec Toxygdnd et en se convcrtiasant en 
addes, acqut&reut une grande tendance 4 la oombmaieon , elles dcTiennent susceptibles 
de s’uDir avec des substances terreuses et m6talliques et e’est de cette reunion que 
r^snltent les sels neiitres. Les acides peuvent done Stre regard^s comme de v6ntables 
priBoipes saliflants et les substanoos auxquelles ils s'unissent pour former des sels neutres 
commss des bases sahfiables.*’ 

That the bases were less well understood in his day than the acids is 
obvious* — 

ne oonnatt pas mieux, jnsqu’ici, les prmcipes oonstitnants de la soude que ceux de 
la potasse et on n*eat pas mdme certain si cette substance est toute form6o dans les 
v6g6tanx ant^rieui'ement 4 la combustion L’analogie pourrait porter 4 croire que 
I’aBote est un des prmcipes constituants des alodis en g^n6ral et on en a la preuve 
4 regard de rammoniaque, comme je vais Fexposer , inais on n'a, relativement 4 la 
potasse et 4 la soude, que de 16g4reB prdsomptions qu'auuune experience d4cuuve n'a 
encore confirmees.” 

But none the less Lavoisier bad very clear i)6roeptionB of the nature of the 
process by which salts are formed even from metals — 

** Mau il faut observer que les alcalis et les terres entreiit purement et simplement 
dans la composition des sels neutres sans aucun intenudde qui serve 4 les uuir , tsndis 
qn’au oontraire les m^taux ne peuvent se combiner avec les acides qu’autant qu'ils ont M 
prAalablement plus ou moms oxygdnts On peut done rigoureusement dn^e que les 
mttaux ne sont point dissolubles dans les acides mais seulement les oxydes mttalhques 
Amsi, Icraqu’on met une substance m^tallique dans une aoide, la premiere condition pour 
qu’elle puisse s'y dissoudre est qu'elle puisse s’y oxyder et elle ne le peut qu'en enlevant 
do Toi^gtne ou 4 Tacide ou 4 I’eau dost oet acide est ^tendu c’est-k-dire, en d'autres 
tonmei^ qu’une substance mdtalliqoe ne peut se dissoudre dans une acode qu’autant que 
I'oxyg^ qm eoAre, boH dans la composition de Teau, aoit dans eeile de I'amde, a plus 
d'afl]^ avec k m4tal qo*!! n'en a avec lliydrogtne ou la base aoidifiabk ou, ee qui 
nvisvt encore au mdme, quil n'y a de dissolution mttaUique qn’autant qu'il y a 
dioompo i itian de Feau ou de I'aclde.” 

O 2 



76 Proik H. EL Armstrong and F. P. Worley. 

And Lavoisier also had a shrewd soqiioion of the nature of bases sudi as 
lune, magnesia, baryta and alumina, thus . — 

"Vaxygbm mt dose le moyea d’limon entre led mitauz et lea aeidw. et ostte 
oiroonstanoe, qm » lieu pour toua lee mdtaux eomme pour tous lee acideSi pournut porter 
t croire que toutea lea anbatancea qui out une grande affinity avec lea addea oodtiennent 
de I’ozygdue II eat done aaaez probable que lee qnaitrea terree aalifiablea qno boua arena 
ddaigndea a deaaua oontiennent de I’ozygbne et qne deat par ce latui qn'ellea a’aniaaent 
aux addea Cette conaiddration aemblemit appuyer oe que j’ai prfieddemment araned t 
I’article dee terrea, que cos aubetancea pourrait bien n'Stre autre choae que dee mfitaux 
oxydde, avec leaquela I’oxygine a plus d’afiinitd qu*!! n*en a arec le duwbon et qui, par 
cette ciroonatance, sont irriduotiblea Au reete oe n'eat id quHine oonjeeture que dee 
expdriencea ultdrieurea pourront aeulea on confirmer on dfitruire.** 

The accuracy of this last deduction, it is well known, was established by 
Humphry Davy in his communications to this Society in 1807-1809 

After the introduction of the atomic theory, salts were always formulated 
as binary compounds formed by the union of two oxides — the acid and the 
base. The celebrated dualistic hypothesis advocated by Berzehus merely 
involved the additional assumption that the amd and the base were held 
together in virtue of their opposite electrical charges — a conception whiob was 
developed later on by Faraday and finally by Helmholtz mto the hypothesis 
of chained atoms and ions, the root-conception of the electrolytic dissociation 
hypothesis introduced by Clausius and afterwards extended by Arrhenius. 

The modern conception of an acid was of slow growth The view advanced 
by Lavoisier, that oxygen was the acidifying pnnciple, suffered eclipse when 
Davy published his celebrated proof that “ spirit of salt" was not an oxygen 
compound but simply a compound of hydrogen with the element chlorine 

On this account and because of the “acidic" properties of snlphnxatted 
hydrogen and of hydrogen cyanide, it became customary to recognise two 
classes of acids — hydraoidt (such as hydrogen chloride) and oxyacid$ Davy 
even went so far, in 1815, as to suggest that hydrogen was the characteristio 
constituent of all acids. Later on, the acids were daased as hydrogen salts, 
mainly in consequence of Graham’s investigation of the phosphates com* 
munioated to this Society in 1833. Graham, it is well known, came to the 
conclusion that phosphoric ootd, PiOa, combmed with the Uu$ water in three 
different proportioDB to form three different fhosfSuiiea of voter in like 
manner, he apphed the term mlphaU tf voter to the compound 
HaSOt » SOa.OH> 

But the oxides SOa and PaOa were long spoken of as acids and the 
compound SOaHa was commonly termed the monohydrate of sulphuric acid, 
briefly monohydrote, by makers and users of the acid Gradually, howevW, 
the term acidic oxide or anhydnde was substituted for that of acid in the 
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case of Buoh oxides, but even at the prraent day oarbonio acid resnains the 
popular name of carbon dioxide, so that we stall have one link with tiie past 

The issue has been further complicated by the mtanduotion of the umic 
dissociation hypothesis According to this, sabstanoes each as those repre- 
sented by the formulae HCl, HNOa and HaSQ« undergo "dissociation ” when 
dissolved in water and the constituent common to and oharactenstio of all 
acid solutions is the free hydrogen ion * the strength of an acid, it is assumed, 
depends on the extent to which it thus undergoes dissociation, so that the 
effective acidity of weak solutions of an acid is commonly spoken of m terms 
of the concentration of the hydrogen lona It is not legitimate, therefore, 
to speak of compounds such as those referred to as acids nevertheless this is 
still done In 1886, pnor to the popularisation of the Arrhemus hypothesis, 
one of us insisted that hydrogen ohlonde was not an aoid substance in itself 
and that it acted as an acid only when in conjunction with water * the 
proposition was then made and has since been often repeated that the term 
acid should be conhned to the solution the term tiUorhydne aetd was 
advooated as a suitable name for the complex conceived to be present m tiie 
solution. The meamng Lavoisier attached to the term amd would be restored 
if this view were adopted and apphed generally all amds would contain 
oxygen (or an equivalent element in the periodic senes) and tihe acid function 
would be one conditioned by the presence of oxygen — ^though not of oxygen 
alone but of oxygen in association with hydrogen, " acidiiioataon " bemg the 
oonsequenoo of the addition of hydrone. 

Havmg thus directed attention to one of the mam issues we desme to raise, 
we now pass to the consideration of the properties of sulphunc amd 

s 

The Properttu qfSvIphme Ami 

These are peculiar in many ways The anhydnde exists m two forms : one 
of these apparently has twice the molecular weight of the other in this 
connexion, it is noteworthy that the complex amd ohlonde SaOtCU derived 
from two molecules of taie anhydride, not the simple ohlonde SOsOlt denved 
from a single molecule, is formed by tiie direct mteractaon of sulphuric 
aidiydride and carbon tetrachloride as well os m several other similar 
interactions. 

Snlphuxio anhydride cominnes readily not only with hydrogen chloride hut 
also with methylio and ethylio chlorides. 

When snlpbuno acid is subjected to taie action of phosphenus pentaohlonde, 
the compound produced, SOsHCl, is identical with that formed by associating 
the anhydride with hydrogen chloride: on fhrther treatment with tho 
* * Brit. Askc. Bejiort,' Absrdesn, IMS, p MQ. 
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pentsohloride, however, the compound which u formed is the complex 
ohlonde SjOaCli, not the simple chloride SO|Cl» , 

Thu latter compound is obtained bf combining sulphur dioxide directlj 
with chlorine It u a remarkable fact that both the anhydro-ohlorideB. 
SOfCls and SjOaCls, are powerful eMonntUmg agents. 

On the other band, the anhydride and both the compounds SQ»HC1 and 
StOfClg are powerful mlphonating agents 

Sulphuric acid u commonly t^rded as diibane, because it forms both acid 
and normal sulphates such as are represented by the formulse NaHSOa and 
1701804 ‘ but no valid proof of the molecular weight of these salts has been 
given , hence it is open to us to regard the amd salts as formed either by the 
duplacement of half the hydrogen in a "molecule” of the acid or by the 
association of a " molecule " of the acid with a “ molecule ” of the normal or 
neutral salt. 

It IS remarkable, that although sulphuric acid u the strongest of acids, the 
“ strength ” of the acid, deduced from the moleoulai electncal conductivity of 
moderately dilute solutions, u less than 20 per cent, greater than that at 
chlorhydnc and nitric acids: txi htgh dtluttoM, however, the value rises to 
about double that of the strong monobasic acids. 

The molecular hydrolytic activity of sulphunc acid is also greater, though 
only to the extent of nearly 20 per cent , than that of chlorhydnc and mtnc 
acids But the aoid ethereal salts of sulphunc add and the snlphonio acids 
are strong monobasic acids only veiy slightly infenor in strength to 
chlorhydnc and nitno. Thm perhaps is the most sinking &ot to be taken 
into account in considering the structure of the acid. 

It appeared to us that a further study of the sulphonic acids as hydrolytic 
agents was desirable, in view of the small amount of informatum extant, 
especially as they have not been studied hitherto at comparative concen- 
trations nor more than superficially and no attention has been paid to the 
polysulphonio compounds 

It IB well known that the properties of benzene itself are greatly modified 
by the introduction of what may be termed neutral radicles, mie homologous 
hydrocarbons formed by methylatui^ benzene are all man " active ” substanoes 
than the parent hydrocarbon but when halogens or negative compound- 
radicles such as hrOi are introduced into benzene its " activity " is rednoed. 
The benzene system, therefore, appears to be a plastic ^tem capable of 
responding to each and every change that is made in its oomposituMi. 

When either of the radicles OH and NHt is introdnced into benzene, the 
activity rises ; but by introducing hydrocarbon or acid radidlee hi place of 
the hydrogen into either of the groupe, the influraoe tiiese radiclee ezendse 
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OQ benzene is altogether modified and redooed * and not only is this the case 
bat there is reason to believe that the oiygen and mtrogen atoms themselves 
are also modified by such treatment and rendered len reoeptiTa In other 
words, there is evidence that both the benzene complex and compound 
radicles such os OH and NHi are “^ostio” systems and that they are 
reciprocally affected, when in association, changes made in either jf^stem. 

The benzene system is also modified by snlphonation : httle is known, 
however, as to the way in which the nilphonio radicle, SO)H, is affected by 
association with a hydrocarbon radicle or by changes made in the hydrocarbon 
radicle to which it is attached whereas, m the case of carboxylic aoids, the 
strength of the acid is increased by the introduction of negative elements 
mto the radicle with which it is oombmed, the few coses studied hitherto 
appear to show that the strength of the sulphonio acids is lowered. 
Experiments earned out by one of us have shown, however, that modifica- 
tions so “ distant ” as those affected by altering the OH group in phenol- 
parasulpbonic acid, HOGsHi-SOsH, by introducing methyl m place of the 
hydrogen atom in the hydroxyl group, may modify the properties of the 
SOaH radicle — consequently, it would seem that even when three compound 
systems are associated in a smgle molecule all are reciprocally affected by a 
change made m any one of the three. 

The HydrdyiUi Aetmiy of Sidphonte Aetds 
The following acids have been used by us * — 

I Benzenesulphonic acid, 06H«.S08H. tolueneparasulphonio acid, 
CHs.C«H 4 SOsH * mesitylenesulphonio amd, l‘3:5(CHt)a G(H«,SOsH. 
II. Paraohloro-, paiabiamo- and panodobenzenesulphomc acid 
III Paradiohloro-, paradibromo- and paradhodobenzenesulphonio acid 
lY, «-Bromooamphor-)9-sulphonio ooid 
V. Benzeneortho-, para- and metadisulidionic acid. 

YL Benzene-l S.S-tnsulphomc acid : toluene-PS 5 tnsulphomo and 

The expenments were all earned out at C.±(H)1° with tiie apparatus 
described in ports XII and XXII of thu series.* The aoid was weighed out 
in one of the flasks of the mixing apparatus and the sugar and the remainder 
of the water reqmied to give the desired dilution m the other * before adding 
the one to the other, each solution was brought to the experimental tem- 
perature : the two liquids were then rapidly mixed and the mixture at once 
transferred to the polarimeter tube, which woe already in position and at 

* XII, 'Ghsui Boo. Trani 1911, p 948 ; XXII, *Bay. Soa Fne.,* A, voL 87, p B99 
(1919). 
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25° C. The amount of sugar used was alva}rB small, usually in proportion 
of one*quarteT of a molecular proportion to oop <ii add and 50 to 200 of the 
fundamental molecules of water in the oan of more concentrated solutions 
cme-eighth was frequently used either mstead of or as a check on the expen- 
ments with one-quarter of a molecular proportmn. As m the previous 
inquiry, the source of light was the " mercury green " light (X ss 5461) (jlven 
by a sihca mercury lamp 

The final results of all the experiments made are given in Table I. 
Tables II to VI and VIII contain the full data of the experiments in certara 
representative cases* as the course of change in other oases was precisely 
similar and always regular, it is unnecessary to give the details of the 
experiments, nearly 80 m all 

The velocity coefficient K' is 10* K log « m the equation of mass action 
dxjdt ssK{a—x) and is deduced by means of the equation (see these 
Studies, No XII) 


K' = 


1 


logw 


tt— a!| 
a—xa 


xl0». 


a bemg the initial concentration of the cane sugar and a^, xa the amount 
hydrolysed at times ti, ta, etc The differences between the rotations Bi, Bt 
at times ti and ta and the final rotations B. are proportional to the con- 
centrations (a— asi) and (a—xa) of the sugar left unhydrolysed at those timea 
In the tables, the values of E', to the nearest whole number usually, are 
placed opposite the values of the rotations corresponding to the times ti' 
as the interval t*— is indicated, it can be seen, therefore, which values of 
(a— «) were used in the calculation of the constant. The times of observation 
were vaned according to the conditions of the expenmenta In oases m which 
hydrolysis took place very rapidly, mean readings were recorded at every 
5' interval, each being the mean of 5 readings taken at the given tune, at 
1' and 0*5' before and at 0 5' and 1' after When hydrolysis was effected 
slowly, several readmgs were taken at intervals close together * another set 
of readmgs was taken after a long mterval of say 60' and then another 
simiUur series after another long interval These long intervals are used as 
the fe— tx intervals. The different values of K' recorded are all deduced 
from different readings and have thus no common error ; they refer also to 
consecutive portions of the mtereotions and generally do not overlap 
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Table L — ^Moleculai Hydroljfcic Activity {K') of Sulplunue Acids at IhlferNit Dilotunu. 
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Table II. — Benzene8Ql]^oiuo Aidd. 
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Table V — 1 3 5 Benzeoetiiaulphonio Acid 
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Benzenemetadisalphonic Acid Benzeneparadisalphonic Acid. Benzeneorthodisulphomc Acid. 
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Diaeuaatonoftlu Beaults, 

Order of the Intercictum — point of mtereBt, to which attention may be 
directed in the first place, is the fact that the rate at whicli the action proceeds 
in all cases is stnotly that of a so-called nmmolecular change, not only in the 
case of the monosulpliomc acid but also in the case of each of the di- and of 
each of the tri-sulphonic acids. 

Whatever the explanation may be of the changes involved in the pheno- 
mena of hydrolysis, it is to be supposed that the rate at which the interactions 
})roceed under the influence of a polysulphonio acid will be that at which 

ununolecular " clianges are effected so lung as each effective acidic centre acts 
independently , the results we have obtained are, therefore, proof that although 
the interaction involves one molecule of acid and either two or three of sugai, 
as the case may be, the sugar molecules are attacked separately, so that the 
“ basicity ” of the acid is in no way disclosed (cfp XX 11, p 570) 

The molecule of a polysul phonic acid is to be pictured, in fact, as capable of 
acting sinmlianeously on as many separate, mdopendeut molecules of sugar as 
It contains sulpbomc radicles, so that the activity of the disulphomc aoid is to 
be thought of as exercised fiom a single centre equally xn two directions and 
that ot the Insulphonic acid os exercised equally in three directions 

Stimffth of the Acida — The benzenepolysulphonic acids are all of extra- 
ordinary strength, the metadisulphomc acid being molecularly more than 
twice and the tnsulphonic aoid more than thrice as strong as the monosulphonic 
acid and all but four times as strong as sulphuric aoid at the concentration 
A lOOHjO* 

If, however, the concentration of benzenemetadisulphonic acid and of 
benzenemetalnsulphomc aoid be expressed in terms of equivalents instead of 
in molecular proportions, the activities of the mono-, di- and tri-sulphuuic 
acids are the same at equxmleTit strengtlis. On reference to Diagram A, It 
will be seen that the values of the three acids all fall on one curve (that of 
beusenesulphonio acid) In other words, the sulphonic unit (SOsH) has the 
same value m each of the three acids when the amount of water used in 
proportion to each unit is the same 

The explanation of the fact that the moleoular aotivitjr of the disulphomc 
is more than twice, tliat of the tnsulphomo aad ao much more than thnee, 
that of the monosulphonio acid at corresponding oonoentratiotis is that each 
SOsH group has a large concentrating or — to use the term adopted by recent 

* III view of this result, it » conceivable that the extreme actmtjr of eome enzymee, 
invertaee, for etample, ii m pert due to the euetenoe of eeveral active cmitree at the 
surface of the ooUoid complex, not merely to the weaknem of the epeoiflc hydrolyte with 
which alone it le compatible 




monosulphonic acid when the eame amount is used per molecule m dissolving 
the acid 

If the concentrating or “ salt " effect of the acid be expressed as the 
" apparent hydration value," in the manner adopted in previous oommuni* 
cations of this senes, the values obtained in the case of henzenemeta- 
disulphoiuc acid are much greater titan those assigned to the monosulphonic 
acid and approach to twice their magnitude at the higher dilution (see 
Table VII) 

Too mucli importance should not he attached to the actual numbers in this 
Table, as a very small error in the velocity coefficients used in deducing the 
values makes a large diiferenoe in the apparent hydration values , it is clear, 
however, that the values are much greater m the case of the disnlphonic acid 

Injlwnce of GatuMuivm on the Strength of the Aend , — The paradisnlidionic 
acid IS slightly and the orthodisulphonic acid consideisbly weaker than the 
metadisulphonic acid. This result is one of some significance. It has long 
been recognised that if two radicles are present in thepara>position in benzene 
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Table VII. 


Total H,0 

.Apparent hydration valuea 

Monoaulphomc aoid 

Bfetadisidphonio acid 

ao 

0 2 


40 

11 2 
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60 

12 8 

18 4 

60 

13 6 

21-0 

70 

14 4 

28 2 

80 

16 0 

26 8 

00 

16 6 

27 -0 

100 

10 0 

28 0 


they mutually influence each other and that thu is bUU more the case when 
they are present in the ortho-position , whilst radicles relatively in the meta- 
position have little or no influence upon one another Apart from any such 
mutual influence, the very considerable lowenng in activity manifest in the 
case of the ortho-acid, however, may also be due to the fact that, in the case 
of this acid, the separate activities of the two snlphomc radicles cannot be so 
freely exercised as in the case of the other acids because of their proximity 
and the consequent difficulty the sugar molecules have m " crowding in ” upon 
them. 

The influence of halogens appears to be remarkably slight and out of all 
proportion small in comparison with that which they exercise in the case of 
carboxylic acids. Probably this is a result of considerable significance The 
order in which the three halogens exercise an influence is not the same, 
however, in the mono- and di-substituted denvatives; in the case of the 
former, the activity is very slightly below that of the nnsubstituted acid and 
bromine has the greatest influence in depressing the strength ,* in the case 
of the latter, chlorine and bromine both depress the strength whilst lodme 
raises it slightly. 

The influence of methyl, as shown m tolueneparasulphonic acid and still 

* The experimente at the dilutiou A 00 H^O were repeated in the ease of the ohloro- 
and bromo-acida but the valuei of the veloaty ooeffioiente obtained wore the eante ea 
previoualy, vis. 409 and 461 reapectively A sample of the ohloro-aoid waa then 
prepared from the sulphoohloride and on oarrymg out an experiment at the dilution 
A * 100 fiyO the value first obtained waa ooBfirmod No explanation of the uregukr 
order of the aotivities of the three adda can be given at preeent : it would appear, 
however, that the order observed u the oorreot one, as crystallogra^iio massurements of 
the sulphoohloridas of the three aoida, whidi Mr Mummery has made, show that the 
(MOis has a lower value in the bromo- than m eithar the ohloro- or the lodoaulpho- 
oUoridat whidi an praotkally identioal w their dimen sl ona 
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more m mesitylenesulphonio aoid, is depressant* Metbyl has a sumlar 
influence m the ease of the tnsulphomc acid It is a strikuig fact that 
bromooamphorsulphomc acid falls very little short of benseneaulphonio acid 
in strength 

Taking the results generally into account, it is clear that the strength of 
the sulphonio radicle is affected only to a relatively shght extent when 
alterations are made m the hydrocarbon radicle to which it is attached , but 
that it IS subject to some modification, there can be no doubt, m view not only 
of the difierences in strength that are manifest but also of other differences 
such as solubihty, thus paradibromobenzenesulphonic acid is relatively 
slightly soluble and crystallises with extreme facility in companson with the 
unsubstituted acid 

Varmtion %n Strength on Jhlvtvm , — ^It will be noticed that as dilation 
proceeds the acids tend to behave more and more alike , it is therefore 
probable that the values per unit of SOsH would not be very different at 
suifioieiitly low dilutions The change is doubtless in part due to the 
gradual disappearance of the " concentrating or salt effect,” already referred 
to, which the acid exercises m the more concentrated solutions , it may be 
also in part due to gradual depolymensation of more complex molecules: 
such differences, between the various acids, however, could only be the 
outcome of constitutional peculiarities of the fundamental molecules and 
may therefore be regarded as an indication that the sulphonic radicle is more 
or less responsive to variation in the radicle with whidi it is associated 

An experiment was earned out, which is recorded in Table YIII, m which 
equal molecular proportions of benzenesulphonio acid and of toluenepara- 
Bulphonic acid were used as the hydrolyst^ the assumption being made that, 
in the event of each aoid existing m solution as a polymerised molecule, the 
two acids might mutually interfere and each molecule be to some extent 
depolymerisod m this case, it was to be expected that the strength of each 
acid would be more or less raised and the strength of the mixture m excess 
of the calculated mean 

The result shows tliat the effect produced by the mixture is exactly the 
mean of the effects produced by the two aoids separately 

This result, however, cannot be regarded as final proof that the acids are 
not present in a polymerised state, unless it be assumed that the molecules 
of the two acids are sufficiently incompatible to be inoi^ble of associating 
togetlier As there is reason to suppose that, in some oases at least, the 

* We are inolmed to regard the value arrived at in the eaae of meutyleneraliihwio 
sad at a dilution of 800 as too low 
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Mean 696 4 
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-0 080 


45 
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molecules of a benzenesulphonic acid form tnplets* and that two iBomorphous 
acids might well erystallise togetlier, this assumption cannot at present be 
made with any degree of certainty It will be desirable to carry out similar 
experiments with a mixture of incompatible acids — perhaps one of benzene* 
Bulpfaouio acid with a uamphorsulphonio acid would satisfy this condition 
Comparuon Sulphoniewith Carbaxpltc Actds — The similanty in behaviour 
of the various acids we have examined, the almost constant “ strength ” of 
the sulphomo radicle, is in striking contrast with the inconstancy of behaviour 
which IS manifest m the case of carboxylic acids 
The difference is well brought out in the following table of velocity 
coefikueuts onginally given by Ostwald in 1883 as representing the hydro- 
lytic activity of vanouB oarboxyho acids in volume normal solutions 
deterfnined by means of methylio acetate — 


Chloihyduo 

Formic 

Acetic 

Fropionic 

Butyric 

Isobutyrio 

Chlorsoetio 


acid . .. 100000 

„ . .1 310 

„ .... 0345 

„ . 0304 

„ 0299 

„ 0268 

4300 


* Qf, E. H. Sodd, "The OrystoUine Form of SuliAonates,” *Boy Soc. Froo,,' A, 
voL ^ p. 80S (1818> 

FOLXa— A* 


B 
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Diohloracotic acid . 

. 23040 

Trichloracetic 

1* 
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Lactic 


0 901 

Tnchlorolactic 
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6900 

Pyruvic 
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6 700 

Oxalic 

ft 

1746 
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ff 

287 
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tf 

0496 
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2 296 

Malic 

i» 

1181 
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$9 

lOa.*) 


An explanation of the difference u to be found piobably in two directions 
Whatever tendency there may be in the sulphonio acids to undergo 
polymerisation, it apjiears probable from the behaviour of such acids in 
general that the complex molecule is easily bioken down in presence of 
water and that the acid soon reaches a high degree of activity if not its 
maximum possible strength 

The depolyroerisation of carboxylic acids, on the othei hand, appears to 
take place, as a rule, with extreme slowness and to approach completion only 
at high dilutions — and the stnioture of the polymerised molecules is such 
apparently that they have little “ strength *' as acids 

In the second place, the sulphonic radicle appears to have an almost 
constant acidic value, whatever its associate may be The corboxyho radicle, 
however, seems to vary greatly in acidic power and is presumably mote 
“ plastic " than the sulphonic radicle it is difficult to account for the 
extraordinary difference in behaviour manifest between acetic acid and its 
chlorinated denvatives, for example, on any other assumption, though the 
introduction into acetic acid of chlorine in place of hydrogen may well 
render the molecules less prone to undergo polymerisation in aqueous sola* 
tion, owmg to the increased tendency of the fundamental molecules to 
combine with water rather than with each other — so that the difference 
between acetic and tnchloracetio acid may be due, in no small measure, to 
the fact that the former is present mainly m the polymerised mactive form 
whilst the trichlorinated acid is present m the fonn of simple molecules 

It IB difficult to believe that the free carboxylic radicle, COOH,has an 
activity comparable with that of the SOsH radicle in the sulphonic acids * 
the facts generally appear to be more in harmmiy with the view that it 
has a fluctuating value and that its intnnsic strength is largely a question of 
the nature of its associate. 
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In view of the aseamption that la often made that oarbonic aoid is 
hydroxyformio acid, it may be pointed out here that its extreme weakness 
IB against this view as it should be stronger than formic acid, if so con-* 
stituted, especially as there is no reason to believe that it exists in solution 
in a polymensed form • 

The Constiiution of Sulphuric Atid 

Taking into account the properties generally of the acid — particularly the 
fact that the “ strength ” of the acid-ethereal-sulphates and of the sulphonio 
radicle (SO3H) m sulphonio acids is so considerable and not far removed 
from that of sulphuric acid itself^there is bttle to support the view that 
sulphuric acid is a dibasic acid in any proper sense of the term , there is 
much, however, to justify the conclusion that its pnmary behaviour is 
monaculic and, in fact, that of a very strong monobasic acid Apparently, 
however, at high dilutions, it is capable of manifesting a second but quite 
different order of activity 

The symmetrical formula commonly attributed to sulphuric acid, 
SOiH* = SOa(OH) 3 , not only does not correspond with the behaviour of 
the compound even as an acid but it may be asserted that not a single 
interaction is known which renders the adoption of such a symbolic 
expression necessary 

At the outset, sulphuric acid was formulated by Williamson, on the 
water type, as derived from two molecules of water — 



in conaequeuce of its presumed relationship to the two ohlondes SO3HGI and 
SOiClji* when considerably later, mainly through Fiankland's influence, 
resolved structural formula came into vogue, this formula became — 

O^/OH 

0^ '^OH 

The formation of aulphnno aoid from Bolphuryl obbridB, SO/TU, jb not 
neoeaaarily a proof, however, that the acid oontama two (OH) groupa, aa it 
may be equally well auppoaed either that the chloride la directly convertible 
into the acid, thua : — 

S0,C1,+2H,0 « S0K0H),+2HC1, 

w that it 18 pnmanly leaolved into aalphurotta add and ohlonne, which 
* Op, 'Ber deut Chein. Gea/ 1914, p. 846 

H 2 
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interact, vn. statu nascendt, giving rise to sulpliuno acid and hydrogen 
chloride • — 

SOjClg+OHj as SOsHj+Olj, 

SOaHa+OHs+CJs =t SO«Ha+2HCl 

In like manner, the formation of the chloride SOsHGl is not neceaaanly a 
proof of the presence of an OH group in the acid, aa the primaiy action of 
phosphorus pentachlonde may be merely to dehydrate ” the acid — 

SOaHa+POls = S08+P0C18+2HC1 

Whilst there has been agreement ae to the hydroxylic character of the 
acid, the general structure has been the subject of considerable argument — 
Kekuld, who consistently maintained tiie doetnne of constant valency and 
held that sulphur was a dyad, represented the acid by the formula : — 

HOOSOOH. 

It has also been represented by the formular» 

Ov yOH 

AXoh 

m which sulphur appears as a tetrad element And that sulphur does 
sometimes function as a tetrad follows from the proof given by Pope and 
Peachey* that compounds of the type (BBiBs)S.X aie optically active, bat 
there is no satisfactory evidence that it ever has a higher valency, though it 
IS often asserted that the hezad character of the element is established by 
the existence of a hexafluoride, SF« The peculiar properties of this 
compound are better accounted for, however, by the assumption that the 
fluorine atoms form a closed system the fluonde cannot well be used, 
therefore, as a proof of the valency of sulphur 

The discussion entered on a new stage when Barlow and Pope advanced 
the proposition that the " volume sphere of influence ” (Valency-volume) ot 
sulphur, like that of oxygen, is never more than about twice that of hydrogen 

Having formed the opinion that sulphuric amd is a monaoidic compound 
like the snlphomc acids, we have been led to consider the problem of the 
structure of the snlphomc acids and of sulphuno acid with reference to the 
crystalline structure of the sulphomo compounds, from the pomt of view 
dealt with m the communication on this subject by Armstrong, Colgate and 
Bodd these ‘ Proceedings,' scq. pp 111-178X 

We shall base our arguments on the assumption that sulphur, like oxygen, 
whilst potentially a tetrad, usually functions as a dyed. 

* 'Traiu. Gism. 80 c.,’ vol 77, p. 107S (1900). 
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In the model of benzeneaulphochlonde shown m fig 1, the salphnr atom 
IS represented as connected with a (masked) carbon atom in the lower tier of 
atoms comprising the benzene unit and also as separately combmed with two 
oxygen atoms which are not in direct connexion * the chlorme atom lies 
between these two oxygen atoms and presumably serves to connect them * 

f 



Fio 1 — Model of B^senesolphodilende 


but— assuming that the four afilntties in oxygmi and sulphur are directed 
tetrahedrally — there is no spare affinity of the snlphur atom in the direction 
of the chlorine atom . this, however, aa well as the sulphur atom, has an 
affinity unsatisfied In the solid compound, these spare affimties may 
operate in promoting the combination of the units in the crystalline 
substance , in solutions they may be in association with units of the solvent. 

The unit of the sulphonic acid is obtained from that of the ohlonde by 
substituting the " triad ” compound radicle OH for the triad simple radicle Cl 

The method of constructing an assemblage representing the crystalline 
structure of a compound substance introduced by Barlow and Pope consists 
in causing two or more units, each representing m composition and 
configuration one component of the compound, to mterlook, the several 
component assemblages being intercalated homogeneously in such manner 
that the cavities formed in the one are occupied fay the groiqm present in the 
others. 

Conversely the structural units representing the several components of a 
compound moleoale can be traced in and dissected out ttam the assemblage 
representing the orystalhne structure of the substance. The important 
result to which we are permitted to call attention is that on applying their 
method to the sulphates, Messrs. Barlow and Pope have been led to formulate 
these salts orystallographioally as compounds of the type SOtOBt, not as 
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oompoanda of the hydroxjhc type, SC)a(OH)g’ a xetum is Unia su(|;gested to 
the view onginally introduced by Lavoisier and con^stently advocated by 
Berzelius Apart from the crystallographic evidence ftevonting this mode of 
treatment, the correctness of the view is also mdicated by the existence of 
the well-defined hydrates 2 SO 3 OHj, SO« OHa, S08.20Ha and of stable salts 
such as NaaSaOr, PbaSOj and HgaSOg, correspoiidmg to them, as well as by 
the fact that the ordinary salts of telluric acid are derived from the hydrate 
TeOsSHaO* 

The model shown m fig 2 and in projection m fig. 3«r embodies the 
conception referred to and appears to us to be a satisfactory expression of the 
chemical behaviour of the acid. 



1*10 S — model of Dibydrogen Sulphate (Sulphniio Aod), SO, OH, 

' In the model, the sulphur atom exercises the function of a dyad it may 
be supposed either that two afiSnitiee of the atom are latent or — as there u 
reason to beheve that the acid is an “assoaated” substanoe — that they serve 
to mamtain the connexion between two or more units such as that shown 

Two only of the oxygen atoms are in direct connection with the sulphur 
atom but a third atom serves to unite them, so that the complex SO} forms a 
closed system In the " acid,” the two oxygen atoms adjoining the sulphur 
atom are further umted by the radicle OH}, leaving eadh with an afluu^ 
" free " but 'in the plane below that in which the OHt group is situated. 

The attachment of a seoond OHt to the same two oxygen atoms in tiiis 
lower plane may be supposed to give rise to the monohydrate of sulphune 

* The orystalUne hydrate S 04 H,. 4 H ,0 u perhaps formed by the union of 3Hj^ m the 
with the monohydrate SO^HrOH, in fact, the poerilnlity that the complex hydrates 
are formed by the Inolueion of one or other of tiio polyhydronee (thew Studies No. TI) 
m the oryttaUiae structure u obviouely one that moat be taken mto oooaideratlen in 
future diaoowona of the oonetituUon of hydrates. 
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“ aoid or this second hydrate might be formed by the attaohment of OHa to 
what may be termed the median oxygen atom of the S0| unit It is equally 
conceivable that the first and second hydrates may be formed in the reverse 
order 

It IB noteworthy that while the ** fixation *’ of the first molecalar propoition 
of hydrone by sulphuric anhydride involves the evolution of 21,320 units of 
heat, that of the second affords 6379 and that of the thucd only 3039 units the 
additional amount of heat given out on continuing the dilution is eventually 
about equal to that evolved on first IQaxing the acid with two molecular 
proportions of water and the whohs amount evolved on dissolving the “ acid " 
(H 2 SO 4 ) m water is less than that evolved on converting the auhydnde mto 
the acid. 

A distinction of consequence is to be drawn between the manner m which 
the OH3 radicles become attached to the anhydride the first may be 
regarded as directly associated without alteration , the second — that which 
unites with the median oxygen atom — may be supposed to be “ distnbuted ” 
as it enters into combination, so that this oxygen atom is " hydrolated,*’ to 
nse the term introduced by one of us in Ho VI of these Studies* The 
median oxygen atom, therefore, has specific properties and wo aie inchned to 
regard this as the “ centre of activity " m the molecule of the acid hence 
also perhaps the behaviour of the acid — its easenttaUy vwnaevd eharaUer The 
properties of oil of vitriol are such as to favour the view that the compound 
HaS 04 18 polymerised readily and that dilution is a process of depolymensa- 
tion It IB probable, m fact, that the gradual increase in the activity of the 
acid, as shown by the rise m molecular conductivity os dilution proceeds, is a 
consequence of the gradual unmasking of the sulphur atom and due to its 
more or less complete " hydrolation " 

The active units in n solution of the acid are presumably either of the type 
shown in fig. 32) or the correlate of this compound which is formed the 
distribution of the acid molecule against the hydrone molecule or it may be 
that in concentrated solutions two such units act together and that when the 
solution IB diluted the complex is gradually resolved into "hydrolates" of the 
form shown in fig. 3e 

On sttoh an assumption it is possible to understand the considerable 
inorease in molecular electrical conductivity which attends the dilution of 
Bulphuno add, on account of which it is apparently to be ranked as a dibasic 
acid.t 

* < Boy. Soe. Proa,’ A, voL 81, p. 80 (1806). 

i' It it bo suppoood that sulphuno aoid is diaoidio even in ooneontiwted tolnttons, the 
eqaivahnt strength of the aoid will be but Uttle more than half diat of either nltno or 
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Two ooncluaiODB that ore necoHaary if our view of the ccmstitntion of 
sulphuric acid he correct should be mentioned here One is that the 
formation of anhydrous sulphates of the 'metals is to be regarded as an 
indirect process . not as the outcome of the direct displacement of one or both 
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hydrogen atoms but as a process of isomeric change m which the metal passes 
into a final position of rest from the position it assumes in the hydrolated 
molecule at entry, the other is that the snlphonic acids are not directly 
derived from sulphunc acid but are compounds of a distinct type— a conclusion 
of some interest and impoi'tanoe in connexion with the superior strength of 
sidphanc acid in comparison with the monosulphonio acids. 

In the formula we have suggested, the active " centre” in sulphuric acid is 
the third atom of oxygen by the addition of which the weakly acidic sulphur 
dioxide IS converted into the intensely acidic sulphur tnoxide, the cause of 
the great difiTerence m behaviour of sulphuric in companson with sulphurous 
acid is tberefore brought to expression in the formula. 

The views here put forward may be applied to other "acids,” especially to 
carbonic, silicic, phosphonc and arsenic acids. These probably are all to be 
regarded as compounds of the anhydrides with hydrone rather than as 
hydroxylic derivatives though polybcme, they are aU essentially monaouhc, 
like sulphuric acid. 

ehlorhydnc aoid. Buoh a conoluuon is altegetlier improbable m view of the prapsrtiee 
of the compound , moreover, it must then be supposed that it is potmitially tetraoidio In 
weak solutions, to account for the morease m its moleeubtr eleotefaal condnetivity on 
dilution. 



Studieg of the Prooesaea Operative m Solvtiona. 


97 


T)ie Nature of Aadity. 


If the term aoid is to be attached to the chemically active sabstance in an 
acid solation, it is not logical to speak either of the halhydndes or of 
compounds such as are represented by the formulse NOsH and SOiHj as 
acids — the acid being the product formed in solution by the interaction of 
solvent and solute 

It IS therefore of piimary importance that we should seek an agreement as 
to the nature of the processes of dissolution and of “ acidihcation ” The 
conception that the dissolved substance is directly dissociated intoelectnoally 
cliarged ions, introduced by Clausius, which Arrhenius has done so much 
service by carrying to a logical issue, cannot be accepted in its original foim, 
as It IS impossible to admit that the solvent acts merely as a screen and that 
the separate ions are present and move about freely in the solution, being 
kept apart by the mere interposition of the neutral molecules of the solvent 
Moieover, it cannot well be supposed that the ions aie torn asunder owing 
to the attractions exerted by the molecules of the solvent and that they move 
about separately in the liquid in a hydiated condition , such an assumption 
involves the cunoluaion that the mduenoe of the charges by which, ex hypoihen, 
the ions are held together is overcome by superior force and this could only 
happen if the ions gave up their charges in combining witli Uie solvent 
molecules, by so doing, however, they would necessarily lose the magic 
attribute which gives them the special properties they possess in the eyes of 
the dissooiationist. 

It IS impossible, in fact, to grant more than potential freedom — superior 
attractive power — to the ions , this is secured by the hypothesis advocated by 
one of us from 1885 onwards and ultimately developed in 1908 (No XI) mto 
the view that the molecules of solvent and of solute are equally concerned 
and that the active " substance ” is compounded of the two agents 
Every chemist is both taught and prepared to believe that ammonia and 


hydrogen chloride give rise to ammonium chlonde ^HsN < and that 
ammonia and hydrone give rise to ammomam hydroxide ^HsN 


in other words, that hydrogen chloride and hydroxide both become divided 
up or dissooiated at a nitrogen surfeoe and that their radicles or " ions ” com- 
bine separately with the nitrogen atom. 

It is only neoessory to extend the doctrine to the formation of adds, bases 
end “ salts *' generally. 

To take the ease of hydrogen ohloride« if it be supposed riiat it becomes 
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active aa an and when dissolved in water because the reciprocal intenustions 
take place which are pictuied in the equations 

HOl+OHj = HCK^g 

HaO + HCl = 

the degree of " activation ” will depend on the extent to which such changes 
are carried In the cose of a weak substance, like ammonia or “ acetic acid,’^ 
such changes take place presumably to a minimum extent , in the case of 
strong agents, such as hydrogen chlonde and sulphate, they are at a maximum. 
The extent to which rdattvely the one or the other of the two reciprocal 
changes takes place must be supposed to be determmed mainly by the relative 
concentration of the two substances 

No distinction can be drawn, from this point of view, between the concen- 
trations of the “ ions " of an acid — they ore necessarily present in equivalent 
amounts To speak of the effective acidity of an acid solution in terms of 
the concentration of the hydrogen ions, is to give an altc^ther misleading 
impression , and if, as we believe, acidity be a complex function, it can only 
be deteriiiiiied by some practical test tlie result should be reported, therefore, 
in terms of an accepted practical standard, not in terms of a purely hy^io- 
thetical mterpretation 

Enzymes, which simulate acids as hydrolytic agents and surpass them in 
activity, are beyond all question agents which act selectively in virtue, it 
must be supposed, of speoiilo qualities, not because they contribute " hydrogen 
ions ” but there is no less reason to believe that acids act m virtue of their 
specific characters and os wholes than there is to believe that enqrmes act 
specifically The hypothesis that the cbaractenstio activity of adds is due to 
the hydrogen ion and to this alone and the activity of alkakes, in like manner, 
to the hydroxyl ion — because the hydrogen and the hydroxyl ion respectively 
are common, the former to all acids, the latter to all alkalies — ^is one, in foot, 
which It 18 difficult to treat senously It is as improbable and as much in 
opposition to our general expenenoe os is the primary hypothesia of the 
diBBociationiBt school that the ions fall apart immediately a potential 
electrolyte is dissolved m water. Moreover that the addition of oxygen 
or the introduction of chlorine m place of hydrogen (ra the well known 
case of trichloracetic acid, for example), should make a compound a stronger 
acid by rendering it more prone to part with hydrogen is inconceivable. 

Unfortunately, qualities are of no account in the eyes of the physical 
chemist of to-day. Hence it is that it has been onstomoiy of late years to 
regard hydrogen chloride and water as entirely unrelated subetances and that 
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it has been senoosljr assumed that when the two aro mixed together the 
molecules of the one remain almost all unchanged whilst those of the other are 
almost all dissociated into their ions. The chemist who takes facts generally 
into account cannot possibly admit that any such distinction exists 

In our opinion, the acidity of an acid is a function of the acid molecule as 
a whole — of its “ ions ” collectively and co-operatively — ^not of one of its parts 
taken singly or separately and apart from tlie other , in all cases, moreover, 
the presence of water (oi rather of its fundamental molecule, hydrone) is 
essential to the formation of the acid proper. 

The hypothesis we advocate is in accord with all the ordinary canons of 
the chemist’s belief, inasninch as it involves the assumption that the two 
necessary constituents of an acid electrolyte interact reciprocally and give 
use to two compounds, thus — 

HX<®jj and HsO<5 
I II 

so that both ore “ ionized,” not one of them only. 

The proportions m which the two ** reciprocals ” are present will depend 
upon the concentration and, assuming that both play their part, the manner 
in which change takes place under then influence will depend both on the 
relative and on the absolute proportions in which they are present If it be 
assumed that the oxonium compound (II) is present in major proportion in 
concentrated solutions of hydrogen chloride, for example, it follows that this 
M at least the more active agent in promotmg hydrolytic change On the 
other hand, the assumption that the ohlonde is " hydrolated ” to the 
maximum extent in dilute solutions would serve to explam the fact 
that the molecular conductivity of the hydrogen chloride rises to a 
maximum as the solution is diluted 

From such a point of view, it is possible perhaps to explain the lack 
of agreement in the results given by the hydrolytic and electrolytic methods 
of oontrastmg acids In the case of amds of the same degree of basicity, all 
have very nearly the same activity in sufBoiently dilute solutions, judging 
from their molecular electrical conductivities * but they are found to differ 
veiy greatly in strength when their behaviour as hydrolytic agents is 
determined. If it be assumed that conductivity depends merely on the 
extent to which the molecules are brought into action owmg to their 
arrangements in obams, without reference to the stability of or to the 
attractionB existent within the chams that are formed, it is not difflouit to 
understand that the behaviour of acids should be more nearly alike the 
more completely the molecules are brought into Ime and arranged m 
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oondnotiug chains but strength (in an acid) may be supposed to depend 
merely on the degree of affinity — the attractive povrar — ^whioh the add 
radicle has for the hydrolyte it may well be therefore that of the reciprocal 
forma present in the electrolyte that of the oxonmm type is the essential 
agent in caaea of hydrolytic change and that the compounds of this type 
formed from different acids differ more or less m strength Conductivity, in 
other worda, la leas a measure of strength than of oontmmty of action — as in 
the case of a senes of individuals ].>aa3ing buckets of water to put out a fire 
everything depends on the formation of the " oliam ” the individual units 
may be either weak or strong , provided they act together in unison and 
continue to jiass the buckets along, they are effective agents, though the 
rate at which and the extent to which they are effective is necessarily 
limited by the degree of activity oxerased by the weakest member of the 
senes 

In an alkaline solution, there wiU be two jmaitive ions present, hydrogen 
and the metal, in numbers equal in sum to the number of hydroxyl ions in 
an acid solution, two negative ions, m numbers equal m sum to the 
hydrogen ions 

According to our view, both constituents of a solution play an active part 
to the jiresent day, the advocates of lomc dissocmtion thmk only of the 
solute as active. Consequently, by paying attention only to two ions — 
hydrogen and the one negative acid radicle, in the case of an acid — ^they 
have arrived at the illogical conclusion that the positive and negative ions 
convey the current in different pn^ortions* had they taken into account 
the part played by both negative radteies (or in the case of alkalies, that 
played by the two positive radicles concerned), it would have been reahsed 
that no such difference exists and that a factor of extreme importance has 
been overlooked 

[My thanks are due to the Boyal Society, to the Goldsmiths’ Oompany 
and to the Leathersellers’ Company for the assistanoe they have granted to 
me at vanous stages of the inquiry dealt with in this and the following 
communication; also to Dr R. Messel, FBS.,to whom I am particularly 
indebted, as he has ever been ready, during a long senes of years, to promote 
my sulphonation studies — H. E A.] 
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Injluefnoe of Sidphonatea on the Hydrolytic Actiinty of 
Sulphonic Acids a Contribution to the Discussion on the 
Influence of Neutral Salts, 

By HBarnY £ Armstrong (F It S ) and F P WostiT (D Sc ) 

(Keceived January 22, — Road February 26, 1914 ) 

The manner in which the h) drolytic activity of an acid is affected by the 
presence of a neutral salt of the acid has been under consideration thonghont 
this series of Studies In most of the experiments, to limit the number of 
factors as far as possible and in order that the results might be directly 
comparable, the salt has been made the only variable The salts used liave 
been either halides or nitrates 

The sulphonates are specially suited for such an inquiry on account of the 
strength of the acids fram which they ore derived and their rigid neutrahty 
moreover, as a nile, they are sufficiently soluble 

The present communication has reference to the influence on the activity 
of tolueneparasulphomc acid of potassium, calcium, strontium, banum, sine 
and cadmium tolueneparasulphonate magnesium salt was not sufficiently 
soluble to permit of its use at the degree of concentration adopted in the 
cose of other salts. The activity of the acid was determined at 25° ±0 01 by 
means of oane sugar 

It IS unnecessary to give the results in detail, as they are m every respect 
similar to those quoted in the previous commumoations and the course 
of change was in all cases regular. The final results are given in 
Tables I-llI and in Diagrams B, C, which show (a) the effect produced by 
the potassium salt when used in different proportions- (5) the effect 
produced by the potassium salt in presence of different proportions of acid 
(c) the effects produced by a variety of salts. 

On reference to Table I, it will be noticed that the effect produced by the 
salt IS reduced practically to a third by halving the concentration of the 
solution: at present, we have no explanation to offer of this remarkable 
result It may be peculiar to the potassium salt or to tolueneparasulphomc 
acid. From Table II it will be apparent tiiat the salt has the greater 
influence the smaller the proportion of acid present. Table III shows that 
the effsots produced eqmvalent amounts of the vanons salts examined are 
not very different : it will be noticed that the volumes of the solutions are 
also not very different 
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Table II — Hydrolysis of Cane Sugar by Tolueneparasulphonic Acid m 
presenoe of Potasaiuoi Tolueneparasulpbouate 
Water aud aalt constant , acid varied , sugar 0 5. 


« Water” 
OH, 

Belt 

1 

Aeid 

1 

K' 

K' 

lu absenoe 
of aalt 

Inoreaee 

Abaolute 

per cent 

100 

2 

2 

m 

607 

02 

12 2 

100 

3 

1 

2&4 

217 

87 

17 1 

100 

s 

2 

0 6 

117 •« 

98 7 

10*2 

10 6 


The values given under the heading " hydration value ” are based on the 
assumption that the morease in the velocity ooef&cient is due to tiie 
“ dehydratmg *’ iniluenoe of the salt the behaviour of the different salts in 
this respect is displayed in a more striking manner in Diagram C It has 
often been pointed out previously that the apparent hydration value 
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Table III — Hydrolysis of Cane Sug^r by Toluenoparasulphomc Acid m 
presence of Various Tolneneparasulphonatea 
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8 
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Ba/2 
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7 

Zn/2 
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0 1 
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10 
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2 

1 227 » 

10 

2K 
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_ ' 

12 6 

Ca 

264 

2269 

9 

882 3 

16 6 

hr 

269 

2262 

4 

429 9 1 

1 

Cd 
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L _ - - - 

2262 

1 

6 

' 454 7 1 

1 
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probably includes all the efifoots produced by the salt in the solution and is 
chosen merely as a convenient means of giving expression to the oombined 
influence of these effects, not as an absolute value. 

The Arrhenius hypothesis involves the oonclnsion that when a neutral 
salt IB added to a solution of the oorresponding acid the degree of dissociation 
of each compound is dunmished, so that the concentration of the hydrogen 
ion, which is assumed to be the effective agent in the solution, should be 
diminished As a matter of fact, the "molecular conduotivily ” of the 
mixture is less tlian the sum of the individual molecular conductivities of 
the two constituents nevertheless, the hydrolytic activity of the acid in 
presence of the salt is greater, as a rule, than that of the add alone This 
has always been a stumblmg block to those who advocate the eleotiolytic 
dissociation hypothesis as an explanation of chemical action 
Latterly, the view has been put forward that both the undissociated 
(unionized) and the dissociated molecules are active and not only so but that 
the former are the more active That this hypothesis is being treated 
seriously is evident from the fact that one of the most recent communica- 
tions from the laboratory of the Kobel Institute, undei the chaige of 
Arrhenius, is entitled — *' The catalytic activity of the undissociated 
molecule " (by Hugh Stott Taylor) * No definite conclusion is arrived at, 
however But it is noteworthy that in an earher communication by the 
same authorf it is pointed out that three hypotheses have been put forward 
in elucidation of the phenomena under consideration — " the hydrate theory 
of Armstrong and his oo-workers the theory of Arrhenius in which the 
ions are regarded as exerting an accelerating influence on each other and 
lastly, the recent suggestion by Snethlage whereby neutral salt action is 
explained on the assumption of catalytic activity of the undissociated 
molecules ” Then follows the remark, '* the first hypothesis has on frequent 
occasions been shown to be untenable.’* 

With regard to this last statement, we wish to be informed where and 
when We are cot aware that more than the most perfunctory considera- 
tion has ever been given to our evidence and aiguments — ^Lunddn4 indeed, 
has referred to some of our work but only in a most superficial manner 
Whatever be the ultimate decision widi regard to the hypothesis that not 
only the ions but also the undissociated mole6ale of the acid possesses specific 
hydrolytic activity, the admission of su(fii a possibility by the chief advocates 
of the dissociation hypothesis is of deep significance. As this hypothesis 

* ' Maddel E. Veteosk. Nobeliaititat,' 8, Ho. 87 (1913) 
i- IbuL, Ho. 84, p 19 
i Und, Bd 8, Ho 8, p. B (1910). 
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loses Its one distinctive feature when thus dunm of its pristine suupUaiiy 
and, therefore, ceases to be of any porUonlar value as a direct and in itsdf 
sufficient explanation of the phenomwia of chemical change in solution, the 
claims put forward on its hehalf must be abated * 

Our work has involved the careful study of ttie hydrolytic activity of a 
number of strong acids as tested by means of cane sugar and of the mflnenoe 
of a variety of salts on the process it has also indnded an equally careful 
study of the hydrolytic activity of chlorhydnc and of nitnc acid towards 
methylic acetate and of the influence of salts of these acids Moreover, we 
have sought to determine the influence of non-electrolytes such as acetic 
ether and vanoos alcohols on hydrolytio cbangeaf We can, therefore, claim 
wide personal experience of the phenomena under consideralaon and that we 
have a laige number of data at our disposal whioh have been collected with 
as much care as it is in our power to bestow upon the mquuy and the data 
are strictly oompaiable, as we have always used “weight normal ” solutions 
We may here again direct attention to the impossibihty, in the case of 
solutions which are at all concentrated, of basing conclnaons on observationa 
made with solutions of " volume-normal " strength 

The preliminary experiments made with methylic aoetate| were incon- 
duaive however, together with the earlier observatioiu made by Arrhemus, 
they afforded proof that the behaviour of this subetance as a hydrolyte is 
altogether different from that of cane sugar This was shown to be the case 
when the investigation was subsequently earned oat by one of os, with all 
possible care, in 1912 (No XXIII) 

Totally different values were obtained by the two methods , the resolte 
obtained with hydrogen oblonde at different dilutions are shown in the 
table on p. 107 

It was then pointed out that — 

“ There is much to show that there is an actual difference due to the 
character and influence of the hydrolytee. The effect of suhstanoes suc h as 
methylic acetate on other substances in solution is very different from the 
effect of cane sugar The large effect that substanoee which have no great 
affinity for water, such, for instance, as propyho alcohol, with whioh methyUo 
acetate may well be compared, have in lednoing the solubihty of salts m water 
would tend to show that such substances have a large effect on the 

* F. P. Worleyi “ The Deohae of the Ejrpotheeu of lomc Duiooietion,'’ < Phil i>ir.y • 
1914ip458. 

+ Theee Studiee Not. I, HI, IV, VIII, 2C, XII, XIV, XV, XVI, XIX, XXIL XXm. 
XXIV. ^ 

I Amstroitg and Wation, 1007, No IV. 
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of otJier subatanoes m Bolution, Cane sngar baa an entueljr different effect 
and it u highly probable that the actual condition of the aalta and aoida is 
different in the presence of even small amounts of methyhc acetate from 
what it 18 in the presence of cane sngar ” 
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The differences that we have established between the two hydrolytes have 
been entirely disregarded by the workers in the Nobel Institute and no 
attention has been paid to our work on the influence of non-electrolytes 
It IS clear that no attempt has been made by our cntics to understand our 
" theory "—which, be it remarked, is not a ** hydrate theory ” m the ordinary 
sense of the term but an attempt, such as no one else has made, to provide a 
definite and complete explanation of the nature of the changes which attend 
dissolution and of the interactions which underlie the phenomena of hydrolysis 
in solutions generally, especially concentrated solntiona. 

The “ theory ” of Arrhenius, m which the ions (of the sold and of the salt) 
are regarded as exerting an accelerating influence on each other, is not only — 
when thus barely stated — in obvious contradiction to the terms of his own 
pnmary hypothesis of electrolytio dissooiation but also one which does not 
appear to be in harmony with the {acta. By themselves, neutral salts 
generally axe entirely without action as hydrolytic agents and no direct 
interaction of an acid and its neutral salt can be imagmed that will eitiier 
give rise to an agent which is more active than the acid itself or confer 
specific hydrolytic activity upon the salt As a matter of fact, the suggestion 
made by Arrhenius, in the publication cited by Taylor,* is of far wider import 
than Taylor indicates— it is that foreign substances, in general, morease the 
osmfie pnmre and, therefore, accelerate change in a sblntion. But i^r oU, 
this Is no explsaatum and little more tiian a paraphrase of patent facts: one 

* 'Zsit pfaysik. Cb^ voL S8, p, SIO (1880), 

1 3 
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naknown (the cause of the acceleration) is not to be accounted for and explained 
by another unknown (osmotic pressure), as, two unknown causes do not 
constitute a known cause But the views put forward by Arrhenius in 1889 
and subsequently on the influence of salts are full of feeling and clear proof 
of his appreciation of the situation divested of their ionic garb, his views 
probably do not differ very materially from ours. Over and over again, this 
acute observer has called attention to vanations in the amount of the active 
as distinct from the inactive part of the hydrolyte — but he has assumed tliat 
this varies concomitantly with and is conditioned by a variation in the 
concentration of the hydrogen ions Taylor, however, in his recent com- 
munication deahng with various ethereal salts, comes to the conclusion that 
the action of neutral salts is probably independent of tlie hydrolyte and moat 
followers of Arrhenius appear to have entertained this view and to have 
overlooked his early statements 

Lund4n, it may be added, quotes the fact that a salt may accelerate one set 
of changes (the hydrolysis of sugar and of ethereal salts by acid) whilst it may 
retard another set (the hydrolysis of etheieal salts by an alkali) as proof that 
the action of salts is not to be explained by regarding them as dehydrating 
agents 

Our view of the matter involves the assumption that the components of a 
solution act reciprocally and that the intersctiuus which take place in a 
solution— changes such as attend the hydrolysis of sugar or of an ethereal 
salt, for example— are eflecled within complex systems the components of 
whioh are produced by the reciprocal interaction of solvent and solute or 
solutes Wc consider, moreover, that it is necessary also to take into account 
the changes which are produced in the solvent itself— more particularly when 
this is water 

In discussing the nature of hydrolytic processes (XXIV)* we have given 
the scheme on p 109 as representing the hydrolysis of a sugar or of an 
ethereal salt 

The dotted lines indicate the directions in which cleavage takes place, the 
double arrows those m which the afiinities may be supposed to operate within 
the complex system 

Two of the components of the system are the two substances formed by the 
reciprocal interaction of the potential electrolytes, hydrc^n chloride and 
water, which thus become activated (‘*ionued"), but the hydrolyte is also 
activated by hydrolation and converted into a substance which though not an 
electrolyte as a whole behaves “locally” as an electrolyte and is eventually 
hydrolysed — because it is electrolysed locally 

* ‘ Roy Soc Proc.,’ A, vol 87, p 617 (1012) 
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As the concentration in a solution is diminished, more hydrolated and 
weaker fonns of the substances present come into existence Some of these 
can interact more or less at a distance — in conveying an electnc current, 
for example But perliaps the hydrolyte must always be brought into close 
conjunction with the hydrolyst , and even if effective in some degree at all 
concentrations, it is to be supposed that the hydrolyst is more effective at 
some particular stage of “ hydrolation " of the hydrolyte 
From such a point of view, it is not difficult to understand the effect pro- 
duced by a salt in altering tlie late at which hydrolysis is effected Salts 
cannot fail to act as “ dehydrolatiug " agents (cp No VI), both by directly 
withdrawing water from the solution and by altering the state of the solvent 
water , the necessary consequence must be that when a salt is added to a 
solution the degree of hydrolation of every hydrolated constituent of the 
solution IS lowered , and up to a certain point this change must involve an 
' increase in the rate at which hydrolysis proceeds In the case of strong 
hydrolytes, such as cane sugar, it will not be easy to pass this pomt , but m 
the case of weak hydrolytes such as the ethereal salts, probably the conoen- 
ttation IB soon reached at which the hydrolyte has maximum efficiency and 
if the salt carry dehydrolation beyond this point, it will dimmish mstead of 
increasing the apparent activity of the acid 
The great difference in behaviour of the two classes of hydrolyte is, doubtless 
m part, if not in large part, determined by the different effects they themselves 
produce upon the “ condition ” of the solution , it is to be supposed that the 
ethereal salts determine dissociative changes of a far reaching character m the 
solvent water which render this a more active dehydrolating agent , lienee it 
18 apparently that the " hydration values ” deduced by usmg etiiereal salts are 

* The oxygen juiwtion of to etbeno compound b repceaentod m this eoheine. 
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80 low and even negative in some caBes The appaient inertness of salts in 
presence of alkalies and the negative effest of a tnehloraoetate on the 
hydrolysis of aoetio ether by trichloi acetic acid observed by Taylor both meet 
with an explanation from this point of view. 

But we have also to take mto account the fact that the sugars are hydrolysed 
only by acids whilst the ethereal salts are more cathohc m their behaviour 
and are equally readily hydndysed by acids and by alkalies In the ease of 
the latter, the immediate neutraksation, as the acbon proceeds, of acid by hose 
must be the cause of far reaching changes in the constitution of the solution, 
as not only is the amount of the hydrulyst and of the hydrolyte as well os 
of the non-electrolyte subject to constant diminution but, at the same time, a 
second metallic salt is introduced into the system, in place of the base, which 
probably affects the solution less than the base does , it may well be that these 
changes balance and outweigh the effect produced by a salt added purposely, 
BO that this salt is either apparently without influence or even has a negative 
influence It need scarcely be pointed out that, in making these suggestions, 
we are merely calling attention to the possibihties , the complexities of the 
problem are such that it appears to us to be impossible to place any absolute 
interpretation upon the facts 

The activity of the acid will probably increase up to a pomt beyond that 
at which the hydrolyte loses m activity — but being the more sensitive, 
the hydrolyte will suffer more than the acid When only a small 
proportion of acid is present relatively to the salt, the latter will have a 
still greater opportunity to mfiuenoe the hydrolyte , on this account, it is 
to be expected that salts will have a relatively greater influence in presence 
of a minor proportion of acid — as indeed appears to be the cose 

There is every reason to believe that the progressive addition of small 
equal amounts of acid would involve, in the case of each addition, less 
change in the solution, whatever the nature of the general effect on the 
solution may be Oui experiments show, in fact, that each successive 
addition of salt to a dilute acid solution has less effect than its predecessor 
and that salt and acid act alike in exercising an apparent conoentratiiig 
eflbct As this ‘‘salt effect" is greater per molecular proportion added 
the less salt is present, it follows that the salt effect should be greatest when 
least acid is present. 

In fine, if we attempt to explain the phenomena of hydrolysis m terms of 
the doctrine of "electrolytic dissociation,” we plunge into a mass of 
difficulties and contradictions , if, however, it be admitted that " hydmda- 
tion " (and the ooixelative change) is the effective cause of tiie aotivstion 



of p<M<iential electrolytes which i^ttends their dueoluticni in water, there 
is no particnlsr difficulty in placing a rational interpretation upon the 
facts, though the complexities of the problem are such that it is impossible 
to offer a complete solution 

The compounds formed by the " distnbution ” of the two components of 
the electrolyte (“ salt” and solute) against one another which are postulated 
by our cusoowtum hypothesis are the tons postulated by the distoeiadmuts ; 
but, in addition, our view takes mto account the activation of non* 
electrolytes and changes in the solvent* indeed, we regard botli of these 
as necessary parts of the process of chemical change in solution and as 
equal in importance to and stnotly conelatiTe with the changes which are 
involved in the passage of the salt from the state of potential into that 
of actual activity as an electrolyte. 


Morphological Studies of Benzene Denvattves. V. — J%e Corre- 
latton of CrgataUine Form mth Molecular Stiudwre • a 
Verificatum of the Barlow-Pope Conoeptton of “ Vnkney- 
Volume ” 

By HsmtY E. Abxstkoido (FB.S), B T. CkiLOATB (B.Sc) and 
E H Boon (B.Sc) 

(Beoeived January 22, — Bead February 26, 1914 ) 

The systematic crystallographic inquiry discussed in the present com* 
munication was commenced, about fifteen years ago, in the hope that it 
would be possible, by determining the morphological characters of a con- 
siderable number of bensene derivatives of simple constitution, to discover 
relationships from which definite deductions could be drawn as to the 
precise manner in which crystalline form le affected by particular alterations 
m molecular configuration — the nltiinate object m view being to correlate 
internal structure with external form. 

In planning the work, in order to determine the effect of all the possible 
variations of the position in the molecule of chlorme and bromine, it was 
decided to study, in the first instance, as many as could be procured of the 
di*sabstitnted compounds of the form C(HtB|Ba.SO^ containing either 
ohhiniie at bromine in place of Bi, Bi add X. 
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The dichloro-, dibromo- and chlorobromobenzenea exist in three isomeno 
forms, ortho-, meta- and para- each of tb|^ forms gives rise to several 
isomeric sulphonic acids— -the para- to 4, the ortho- to 8, the meta- to 11 ' 
moreover X m the radicle SOjX may be either Cl or Br the number of 
possible compounds m the group selected for study was therefore 46 

The manner in which the position of the radicles may be varied, m such 
a senes of compounds as that chosen, when only one halogen is present, is as 
follows — 



Further vanation is possible, if two halogens are used for example, in 
the case of the para- senes — 



It has not yet been possible to devise methods of producing all the 
variants indicated but a large proportion have been prepared. Unfortu- 
nately, however, in some oases difficulty has been expoienoed in obtaimng 
ciystals fit for measurement * 

In the para- senes, the relationships discovered are simple, as the vanous 
chloro- and bromo-compounds examined are all stnotly isomorpbous later 
on, however, when the lodo-denvatives and more complex compounds of die 
sulphonamide type were examined, numerous cases of dimorphism were met 
with in the senes. 

In the meta- and ortho- senes, the tendency to orystaUise in several 
forms was apparent from the outset, partwularly m the former, the 
derivatives forming a trimoiphous and the 1 3*5 a tetramorpbous seneaf 
But although close relationships were thus established withm each group 

* The fact that luoh difflcultiei are met with is tn itaelf eigiufioaiit There ate, 
however; many deficiencies m our oryetallogmphlc technique which need to be overcome , 
probably, mu^ will be acoomplisbed in the future, by wise ohoioe of colvent and 
particularly by regulatmg the rate of evaporation and by the dieooveiy of temperaturee 
at which oiystalllMtion may be more aatiitfaotorily efibet^ than by allowing the grawth 
to take place merely under atmoephenc conditiona 
f * Bnt Aaeoc Bep,' 1900, p 167 , 180S, p 160 
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DO direct connexion between the members of the 1 4, 1 3 and 1 2 series was 
discovered. 

Tlte Barlow-Pope Theory — The pubbcation by Barlow and Pope in 1906- 
of their remarkable generalisation connecting crystallme form with internal 
molecular structure, especially in the case of denvatives of benzene, neces- 
sarily at once affected the present mqniry 

The theory involves the assumption that the atoms have individnal 
existence and are closely packed in the molecules, these latter, m tunir 
forming the closely packed structures which constitute the ciystal 

Further — and the conception is a most important and novel one — they 
have contended that the influence of the atoms is exercised within spheres 
which are approximately proportional in volume to the fundamental 
valencies of the atoms and that the valency volumes are relatvody constant 
in all cases thus, regarding the valency volume of hydrogen as unity, that 
of carbon is taken as 4, that of nitrogen as 3, that of oxygen and sulphur 
as 2, the halogens all ranking with hydrogen as 
of umt volume In this respect, the theory is 
entirely at variance with the views held pteviously 
that elements of the same valency differ m atomic 
volume, a doctrine dating back to the time of 
Kopp, as it mvolves the assumption that, whilst 
they retain their relative spheres of influence, 
the atoms alter in "volume" according to the 
conditions under which they are placed. 

The structure of benzene arrived at by Barlow 
and Pope is represented in perspective in fig. 1 
and in plan and elevation in figs, 2 a and 2b. It 
will be noticed that in fig. 2a only those atoms of 
carbon which are supposed to be in combination are shown as m contact in 
the final arrangement in the crystal of closely packed umts, the atoms are 
brought together, it is supposed, in the manner represented in the projection 
given in fig. 3 two of thb atoms in the upper and also two in the lower 
plane, shown in plan in hg. 2a, thus become approximated and as a 
consequence of this distortion the symmetry of arrangement is slightly 
disturbed. 

BgwwakMt Parameters of Bensme . — ^The great advance made by Barlow 
and Pope in disouaamg crystallographic data depends on their use of 
equivalence parameters in place of axial ratios. These latter represent only 
the relative dimensions of the structure in three directions, without reference 
to any unit of size * by introducing such a factor, namely the volnmo oi tiio 
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molecular unit— 'the valency volume — and oalonlating three dunembme, 
propwtional to the axial ratios, the product of which is equal to this 
valency volume, three values are obtained Which represent the duneuBuniB 
of the cell within which the crystal units can be oloeely packed These 




Fie 3 


three dimensions, termed egmtvalenee paranuten, e, y and s, ate 
m the following manner ftom the axial ratios and the valency 

volume W — 




0 sin ’ 
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Tfaie equmlentie pAtanMters of orthmlMniibio betuene are . 

s y 8*101 •» 480‘S 780 

The directions x, y, t, are indicated m figs. 2 b and 3 It will be noticed that 
z (fig, 2 b ), tho thidcness of a single layer of benzene molecules, is rather less 
than the sum of the diameters of a carbon and of a hydrogen sphere, owing 
to the interpenetration of the layers , y, on the other hand, os equal to twice 
the diameter of a carbon sphere , sb, the dimension at right an^es to y, is of 
less value why this is the case will he seen on reference to fig 3, which 
indicates the manner of packing the several units. 

Equivalence Fatnmetent of the Jknvatvoee of Benzene^-^la their first com- 
munication in which they discussed the crystallography of quinol, neorcinol, 
catechol, tnphenylcarbuiol, tnphenylacetic acid and triphenylamine, Barlow 
and Pope were able to show that whilst the z value remained practically 
constant the two other dimensions were modified in accordance with the 
alterations made in the structure by the radicles which were introduced. In 
two later commumcations, dealing with tnnitro-denvativeB of benzMie, only 
the z value was taken into account and shown to be m fair i^reement with 
that of orthoihombic lieiuene (2 78X excepting that in a few cases a lower 
value, approximately 2 6, was met with 

Successive layers of iienzone molecules may conceivably be arranged in the 
two different ways shown m figs 4 and 5, the one representing an ortho- 



Fio. 4. Fifl. 5 


rhombic and tho other a rhomhobedral arrangement* in the former, the 
successive layers are directly supeiposed, molecule falling upon molecule, 
whilst in the latter they are so shifted laterally that each molecule m the 
upper layer is in contact with three molecules in the layer below In 
oonsequenoe of this shifting, the thickness of the layers is diminished to some 
slight hut unknown extent. The two types of arraiq^ement are termed by 
Barlow and Pope the hexagonal and the rhomhobedral marshallings* it has 
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been supposed by them that the latter form prevails m oases m which a z 
value markedly lower than 2 78 is met with Since the rhombohedral type 
of marshalling can be derived, in a simple manner, from a cubic closely 
packed arrangement of equal spheres, it is conceivable that, in derivatives 
Iiossessmg this marshalling, an approximation to cubic symmetry may be 
revealed in the crystalline form — and as a matter of fact, not a few of the 
compounds to be descnbed are pseudocubic m form 
In discussing the crystalline form of certain picryl derivatives, Jerusalem 
and Pope* m 1908 and Jerusalemf m 1909 came to the condusion that the 
majority of the substanoes considered were of orthorhombic type (hexagonal 
marshallmg) in a few cases, however, on account either of the low value of 
the 2 parameter or of the pseudocubic character of the crystals, they supposed 
that the rhombohedral marshalling prevailed 

In 1910, m the first and second of these Studies,} in dealmg with 29 com- 
pounds of the para- senes of the form CeHsBiBaSOaX, the conclusion amved 
at, stated m general terms, was that a " benzene hramework ” was traceable 
in all cases This was based mainly on the occurrence either of s values 
corresponding to one or other of the two types of marshallmg referred to 
above or of pseudocubic structure, but in the majonty of cases, the 
marshalling was considered to be ot rhombohedral type, mainly on account 
of the frequent occurrence of pseudotrigonal ratios 
No definite conclusion was reached either by Joiusalem and Pope or by 
ourselves with regard to the significance of the x and y values that were 
deduced , it was cleai that the increase due to the introduction of the 
sulphomc radicle affected mainly the x parameter but the y value bore no 
obvious relation to that of benzene and was conspicuously low : both x and 
y varied considerably in value. 

At this time, no special use had been made of models and we were mainly 
concerned in proving a direct relationship in crystalline form between benzene 
and the derivatives considered. 

In extending the inquiry, the experience gained in examining the vanoua 
sulphonntes referred to in Nos III and lY of these Stndies§ has been of 
material assistance, as, in disoussing their properties, it was found to be 
possible to give a rational mterpretationof Ae crystallographic measurements 
in terms of the Barlow-Pope theory in complete aoocodanoe with the expecta- 
tions to lybicli cliemioal considerations give rise. Perhaps the most important 

* * Boy Soa Froo.,' A, voL 80, p 657 (190B). 
t 'Chem. So& Trans.,' vol 95, p, 1975 (1909) 

} ‘Chem. Soc. Ttana,' 1910, p. 15761 

8 ‘ Bay Soc. Proo.,’ A, vol 87, p S04 (1919) , vol. 89, p. 898 (1918X 
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advance made at thu stage was the explanation given of the manner in which 
^ater of ci^Btalhsation is included in the structure 

It IS noteworthy that in the case of all the salts considered (vanoiis substi- 
tuted benxeuesulphonates and several toluenesulphonates), excepting silver 
tolueneparasulphonate, the z value deduced was low (from 2 64 to 2 68, that 
•of the silver salt alone being 2 795) , on this account, it was supposed that 
the units were disposed in rhombohedral marshalling 

The Injluence on Crystalline Form of simple Fadtcles of the same Valmey 
Volume as Hydrogen Effect on the x Parameter of the Baduh SOjCl 

We have now to consider the results obtained on further discussion 
of the data presented in 1910 m Parts I and II of these Studies relating to 
■compounds of the para-senes and also of numerous unpublished observations 
relating to the isomeric compounds of the 1 3 and 1 2 senes 
In the course of the woik, much use has been made of solid models 
and we ascribe our success largely to their introduction , indeed, without 
such models, it is almost impossible to visualise the changes in form corre- 
sponding to known vanations in chemical composition when these are of any 
degree of complexity. 

As, by hypothesis, the atoms of the. halogens occupy approximately the 
same volume as hydrogen atoms, in discussing the data relating to compounds 
of the form CeHaRiEj SOsX, it is suftiuenii to consider the probable structure 
•01 structures of benzenesulphochloride, CalU SO3CI 

The form of structure of a unit of this substance obtained by substituling 
one hydrogen atom m the benzene complex by the group (SO2CI) is shown in 
the photograph fig. 6. The sulphur atom takes the place of the bydrogeu 
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atom and is in contact with three carbon atoms, two oxygen atoms are 
in contact and presumably combined with the solphor atom but in a 
slightly lower plane and are also each in proxumty to two carbon atoms* 
the sulphouio halogen atom which is m cmitact with both the sulphur atom 
and with the carbon atom to which the latter la attached lies between tihe two 
oxygen atoms it is open to question whether this atom be not m cminexion 
with these oxygen atoms rather than with the sulphur atom. 

Units of this kind, packed together m the manner shown m the diagram 
fig. 7, form an assemblage of dimensKUis corteBponduig to the crystallo- 

A 


B 


B 


Pie 7. 

graphic data of most of the substituted snlpbocdilondes which we have 
examined 

The diagram shows one layer of unite in the dotted and full line 
cirdes being the projections xespeotively of the lower and of the upper layen 
of spheres comprised m the unite. 

The unite are all similarly directed and the etenotare u very oloeely related 
to that of bensene ; it may be regarded as denved Itom that of beneene(fig. 8) 
by the removal of one hydrogen sphere from the oone^onding in 
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benzene unit and the introduotion of the group (SOi^l) into its place. The 
result of this displacement is to open out the strooture m the direcUon of x 

Sttooessive layers are packed so that the oentres of units he vertically over 
one another (t.«. in hexagonal marshalhng) but in alternate layers each unit 
is rotated through 180° about an axis represented os BB' in the diagram . 
this then becomes a digonal axis of symmetry * the symmetry of the shrueture 
IB therefore monosymmetric. 

The diagram is drawn from a model of the assemblage and the radu of the 

spheres are made proportional to the cube roots of the valency volumes of 

the atoms they represent Assuming that the dimension of the structure 

perpendicular to the plane of the paper is the same as that of benzene, 

te 2 780, the translations in the directions of the edges of the drawmg 

marked x and y are found to he 3 82 3*38 These figures agree remarkably 

well with the equivalence parameters of paradibromobenzenesulphochloride 

This compound crystallises in the monosymmetnc system, a : c =s 

2476 •! 1144. yS * 96° 26', taking 

a/s and interchanging a and c, the 

equivalence parameters become x y 

3*856 3 871 . 2*782 , the agreement is 

rendered even closer if allowance be made 

# 

for the sli^t distortion which has changed 
the angle /9 from 90° to 95° 26', as 
8*866 X sin 95° 26' s 3*838 The stnio* 
tore depicted is therefore m complete 
accordance with that of the actual 
crystal. 

The photograph (fig. 8) gives a good 
idea of the appearance of a structure 
composed of models of benzenesulphocblonde packed together in the manner 
described. 

, The values thus found in the case of dibromobenzenesulphochlonde are in 
marked contrast with those deduced previously, viz — 

« . y t 

IVirmer values . . 6 787 . <337 . 8*674 
Present values ... 8*866.3371 8*768 

The diflbrenoe is doe to the fact ^t formerly the dimensions of the 
X and y parameters were not speoUdly considered and that, in recaloulating 
these pamnetere, the axial ratio a : 5 has been divided by 3, this factor being 
that found Sp trial to give values in acocurdanoe with the projection of the 
model of the oryatalline struetuxe. In ooneequenoe of this ehange, tiie z 
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value u tronsferred from the c to the a axis — hence the alteration in this 
value also 

Applying the method in the manner explamed to the data m our posseasion 
for 31 compounds of the type CgHsBiBa SO>X, ve obtam the results embodied 
in Table 1, which includes 14 examples of diaubstitated sulphoohlondes and 
bromides of the para>BeneB 6 of the meta- and 8 of the ortho-senes, together 
with 3 monosubstituted sulphoohlondes, all being of one valency volume — 36 

The mean values are as follows — 

* y * 

3-004 3 360 8 772 

the extremes being 

3806 32S2 2680 
4 040 3 410 2 865 

The values assigned by Barlow and Pope to benzene itself are 

3 101 3 480 2 780 

It may be noted that these are deduced from observations which, it is 
^probable, are open to improvement 

The results thus arrived at are not only remarkable by reason of the proof 
they afibrd of a definite relationship between all the various simple sulphomo 
denvatives considered but especially as a venfication of the Barlow-Pope 
generalisation 

Taking into account the fact tliat the position occupied by chlonne, 
bromine and iodine m the molecule has been varied almost m every possible 
way, the proof obtamed that these elements and hydrogen have the same 
relative valency volume is little short of absolute 

Attention may also be directed to the fact that not only is the z value that 
of benzene but, in all oases, that which corresponds to the orthorhombic 
arrangement or hexagonal form of iharshalhng 

The y value, in like manner, is in agreement with that of the benzene 
Itself. 

With regard to the third or « parameter, the one direction in which, 
presumably, an elongation of the structure is effected by the addition of the 
SOsCl complex, the difference between the x value of benzene and that 
found, 3 904—3 101 s 0 803, may be regarded as the value of the increment 
due to the introduction of the group SO>Cl(Br) in place of an atom of 
hydrogen The value deduced from the projection is 0 78 

At this point, advantage may be taken of the opportunity to justify the 
method adopted in arriving at the above important senes of m 

It IS one that involves a modification of the observed axial ratios in the 
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shown in the oolumn " FracUons used ” and it may well be asked '* if such 
a senes of compounds as those under discussion are simply related and 
similar in structure, why is the similarity not at once apparent in the axial 
ratios as it is in an obviously isomorphous senes ? ” 

The fact that the axial ratios may be reduced to those of one form-^that 
of Nos 13 and 14, from which the parameters have been deduced without 
modification — ^is in itself proof of the close relationship m which the vanous 
compounds stand. 

It IB a well-known fact tliat slight changes in the conditions under which 
it IS deposited will sometimes determine profound alterations in the external 
habit of a crystalline substance. The development of difTerent sets of planes 
in the structure as bounding surfaces or faces of the crystal always involves 
such variations in habit and on account of these variations or even because 
they look at it merely from a different pomt of view, different observers 
often assign different axial ratios to one and the same crystal There is, 
however, always a simple numerical relationship between the different seta of 
constants so derived 

The following explanation may serve to make this more evident. 

In fig 9 lot OA and 06 be the directionB of the axes a and i of a crystal 
and let each small rectangle represent the elevation of one side of a 
parallelepipedal cell, the lengths Q)a, Oh being proportional to the parameters 
X and y The straight hnes BA, BA^ then represent important planes in 
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the etraoture which may develop as faces of the cryetid. Zf the plane AB 
were developed, the observer would give the ratio a i = OA * OB , but if 
A'B were developed, then the ratio a * h would be given as OA' : OB, which 
IB but half as great as the former ratio In a similar manner, other planes 
might develop as faces and other values would then be assigned to the 
ratio a * b 

As mere changes in conditions of mrystoUisation can thus affect the habit of 
a ci-ystal, it is more then probable that the rntrodncUon of halogen atoms mto 
different positions in the benzene unit will also modify the crystallme habit 
Such being the case, it is to be expected that the axial ratios of the members 
of one isomorphous senes would differ from those of the members of another 
senes much as they are seen to do in the table, all being reducible to a common 
form, however, by multiplication or division by some simple whole number. 

The method introduced by Barlow and Pope is, m effect, one which makes 
it possible to reci^ise and allow for such departures as have been referred to, 
so that ultimately proper axial ratios can be deduced in cases in which the 
compounds examined are directly related, though not always obviously 

As all the compounds included in the table can be referred to axial ratios 
of a similar character, it is clear that their structures cm all be partitioned 
by three sets of paradlcl planes into panillelepipedal cells of similar shape * 
these cells, however, cannot always be of the same absolute volume, as the 
introduction of halogen atoms into the molecule is known< to change 
the molecular volume. Tt is to be supposed that such substitutious affect 
each sphere of influence uniformly, so that the relative volumes of the atoms 
remain the same * the equivalence parameters remaining unchanged because, 
whilst the cell undergoes onlaigement, the value of the umt vaSency-volnme 
in terms of whicli measurement is made is correspondingly increased. 

The Influence of Compound Radtdea of like Valency Volume (7), SOaCl, 
NOs, CHs, GN, on the x Paroimeter. 

In the previous section it is shown that the introduction of an atom cf 
chlorme, bromine or iodine, in place of an atom of hydrogen has but a slight 
effect on the values of the three equivalence parameters and tliat the x para- 
meter is elongated from 3 101 to 3*904 s 0 803 by the introduction of tl^e 
group SOsCl in place of an atom of hydrogen , we have now to consider the 
effect produced by other radicles of like valency-volume (7), vts. NOa, CHa 
CN, on this parameter. 

Ndro-dematwea — In the case of the nitro-compounds, the argument is the 
same as that adopted m the previous section but the material at disposal is 
limited to the isomorphous metaohloro* and bromonitrobensenes and 36 

K 2 
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dibroiaorntrobenzene. The dimtrobenzenes crystallise in forms which cannot 
at present be interpreted * 

The parameter values are in close agreement with those deduced from the 
sulphomo derivatives, the value of the increment on the x parameter due 
to the introduction of the group NO^ falling well within the limits observed 
in that senes, 0 706 — 0 939 

m-Bromonitrobenzene is described by Hodewigt as orthorhombic, a 6 r = 
0 4967 1 • 0 6549. The same observer has described 3 5-dibiomonitrobcnzene 
as monosymmetno, a 6 : c = 0 5795 1 : 0 2839, J3 = 56° 12' Changing {001} 
to {101} in this latter compound and multipljing r by 2, the axial ratios 
become a 6 • c s 0 4836 1 0 5675, = 94° 35' a close morphological rela- 

tionship is thus revealed between the mono- and dibromo- derivatives On 
calculating the equivalence parameters for these compounds, taking 2r/o, 
the values obtained are those given in the following table, including m-ehloro- 
nitrobenzeiie, which is isomorphous with the bromo-compound (a 5 3 = 

04976 1 0*6608) 

r y 3 

Bdetachloronitrobonzene 3 B46S 3 4119 % 7433 

Metabromoaitrobenzene . 3 823S 3 4157 3 7564 

3 5-DibroiuoiutrobanKoiie . 3 9190 3 3379 3*7609 

IdoanB ... 3 8630 3*3885 2 7535 

MHhyl-dinvat%ves, — ^Tolueneparasulphonio-chloride unfortunately ciystal- 
lises m the anorthic system but paranitrotolaene:^ is orthorhombic, a b css. 
0*9074 : 1 : 1 0965 Taking 85/2, the valency volume being 42, the para- 
meters are found to be — 

A % y z 

Psramtrotoluene • «••• ..«• • . 45622 3-3350 2-7597 

It 18 clear, ou ooiuparing then parameters with then given above, that the 
introduction of the methyl group into the para-poaition produces an extension 
of the structure only in the direction of «. as le to be expected. The 
elongation produced by the group can be calculated as (4f)622 — 3’101)/2 s 
0-730, a value in dose correspondence with the extension produced by S0,C1 
and NO» 

Another compound which may be considered ia pamxylylene bromide, 
C!tH 4 (CH,Br)i, which orystallises m the monosymmetnc syetemi 

a b e * . $f , t 

2-3262-1 1-6661 |2«6r4' 35/2 4 333 8 6115 2-7942 

* Bodewig, ‘ Jahreab.,* 1376, p. 375 
t ' Zeit Kryat Hin ,* vol 1, (k 687. 

X Bodewig, ' Zait Eryst Min voL 8, p 381 
g Muthmann, 'Zett Kryet, Mul,’ vol. 10, p 306. 
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Ifc will be uottcerl that the x value is slightly less and the y valne slightly 
greater than are the corresponding values of paranitiotoluene. 

Jkniteneparadimlphonw-denvati,ves — If in the diagram of benzenesulpho- 
chloride (fig 7), we suppose the hydrogen atom m the para<poation to the 
sulphoohlonde group to be displaced by a second such group, a stmoture is 
obtained corresponding to lienzeneparadisulphoehlonde. If the original 
axial directions be preserved m this denved structure, it oan be seen that 
the result of the substitution will be to extend still more the translation x, 
the y direction being practically unaffected The equivalence parameters 
of benzenefiaradisulphochloride {x y 2 = 4 4082 . 3 6033 2 7516) are in 
substantial agreement with this conclusion The extension produced by 
the two SOaCl groups (4‘408~3 101 = 2x0 650) is slightly lees than 
double the effect of a single such group 

Both benzeneparadisulphochloride and the corresponding bromide are 
dimoi'phous and probably isodimorphous, although the stable forms of the 
two do not correspond crystallographically. The disulphobromide is 
orthorhombic (the disulphochlonde being monosymmetno) the equivalence 
parameters are a: y 2 = 4 4706 3 4326 * 2 7370 There is a very close 
resemblance between the two sets of parameters The cause of the 
dimorphism will be considered at a latei stage 

ParacyambenzmetnUphoeMonde — This compound crystallises in the ortho- 
ihombic system a 5 r = 1 139 1 1 709 (Mummery) Taking 35/2, the 
equivalence parameters, x y 2 = 4 156 3 649 2 770, are obtained These 
parameteia are very similar to those of orthorhombic benzenepara- 
disulphobromide the cyanosulphochlonde thus affords another case of 
the substitution of one group for another of equal valency volume pro- 
ducing but a shght modification of crystal structure. 

TAe Influence of Complex lladtdes tdatwely in Ortho- and Meta-ponlwn* on 
the X and y Parametere — In the case of di-denvatives other than those of 
the para-senes, it is to be expected that both the x and y dimensions will 
differ to a not inconsideiable extent from those of benzene and that the 
2 value alone will vary within narrow liimts. 

BenxmeoHhoduulphoehioride may be taken as illustrative of the changes 
effected by the introduction of two complex radicles in the ortho-position. 

This compound crystallises in the monoeymmetne system, a-h cm 
1'6066 : 1 ' 0 9061, /9 » 90^ 6' . but it is obvious from the magnitude of fi 
and from tbe general character of the crystals {tf. ^ 27, p 158) that the 
symmetry of the structure is but slightly distorted fnm mrthorhombic. 

Sy removing two hydrogen spheres in the ortho-position feom the benzene 
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model and uitroduoing into their place two (SO»Cl) groups, a model is 
obtauied of which fig 10 is a photography Models of this kind can be 

packed together in a plane layer after the 
mannor shown in the diagram, fig. 11. 
All the units in this assemblage are 
similarly orientated the units in adjacent 
horizontal rows, however, are not identical 
but enautioinorphouB Successive layers 
of the structure are identical, the benzene 
units being stacked one upon the other 
according to the hexagonal type of 
marahalling The structure possesses 
orthorhombic symmetry, having a digonal 
axis at BB' and digonal screw axes at AA' emerging perpendicularly from 
the paper at points marked C It is easy to conceive that some slight 
distortion during the process of adjustment to bnng about closer packing 
would lower the symmetry from orthorhombic to inonosyinmetnc 

Taking a/2, 2c/3, the equivalence parameters are x y 

3*4046*4 5183*2 730* these numbers are m close agreement with the 


B' 


X 


B' 




Fig 10 
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SuiMOiionB of the unadjusted structure of the diagram which are 
3*471444:273 

Orthoxylylene Iromtde, C«Ht(CHaBT)i — ^The constants of this compound are 
as follows — ■* 

a h 0 . X i y I » 

0 8S91 1 0 60S1 3e 3 1889 ‘ 4-(l04l> 1 3 7404 

Orthodinttroparahromchefaene, CeH*BT(NO<i)» — ^The following are the 
constants of this substance — t 

a h e X y t 

o-eseo 1 0B485 0«-86°3i' 3*3100 4 8110 811438 

In both these cases, the a, and y values are near to those observed in the 
case of the disulphochlonde, so that it is evident that the effects produced 
-bjr radicles so different as CHsBi, KO 2 and SO 2 CI are again very sunilar 

Metck-dervoatvwH, Benzenetnetadmdphochlonde — ^An examination of a 
structure denved from orthorhombic benzene by Uie substitution of two 
hydrogen atoms in the meta-position by sulphonic radicles reveals the fact 
that such a substitution would involve subetantial increase m the y 
translation and a smaller elongation of x, much as in the case of the 
eorresponding ortho«didenvatives The eqmvalence parameters of benzene- 
nietadisulphoohloride are m agreement with this conclusion — 

80,01 80,01 W « > jr I • 

48 8 8388 4 7816 2 7488 

limtenmztadwdphonamvie, CaH.ij[SOa'SB.a )» — ^This compound may be 
referred to here as one of the rare cases in which the amide occurs m a 
measureable form and » neither pseudocubio nor psendotetragonal It will 
be obvious that the increase in the x and y values is such as may be 
expected from the increase in the valency volume from 42 m the ohlonde 
to50:-- 

a b , e X y M 

86086 1 0*9787 a/9, So 3*4963 6*3469 97308 

Mitanitrebetumeeuiphechlonde^li the equivalence parameters of this 
Mmpound be calculated from the axial ratios a h 1*1989 1 * 04289, 
fi as 89” 28', taking 4e, we get « : y z ss 3 2811 ■ 4 6776 : 27368. These 
are praotioally identical with those of beiizeiiemetadisul{dio(dilonde : more- 
over, both compounds are monosymmetnc, the mteraxial angle fi being 
very close to 90”: in each case, the direction of the parametw oorreepond- 
iug to the thickness of one layer of benzene units is that of the axis of 

* Muthmsaa, ' Z«t. Kryst. Min ,’ voL 16, p. S8& 
f ' Ske, Kryst 3Ga voL 1, p. 687 
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Bjmmetiy It u clear, therefore, that m the case of meta-oampounda, the 
substitution of the group (SOjCl) by the ^oup (KOi) of equal valeney 
volume involves very little change in form 

Taking the whole of the evidence brought forward in this section uto 
consideration, it appears that whilst in the case of para-di-denvatives the 
alteration is practically confined to one pnucipal direction m the crystal 
structure corresponding to that of the para-positious in benzene, in the 
case of ortho- and meta-denvatives two directions are affected 

In these more complex denvatives, as m the case of those considered in 
the previous sectiou, the z parameter vanes only withm very narrow hmits. 

Complex radicles such as SO 2 C], HOa, CHr and CHaBr, which are 
ex htfpotJiein of equal valency volume, have practically equal influence on 
crystalline structure, though it is clear, as shown particularly m the case 
of paracyauobenzenesulphochlonde, that elements of different valent^ 
volume — as is only to be expected — do not produce quite the same effect, 
the radicle CN, consisting of two large atoms, not “ packiiq; ” quite in the 
same way as one made up of a larger number of smaller atoms such as 
SOjCl 

It appears to us, however, beyond question that the evidence afforded by 
botli types of compound — those containing simple and those containing 
complex radicles — is entirely in favour of the fundamental conception of 
the theory advanced by Barlow and Pope of the part played by vedency 
volume 

Inflmnec of Three or more CompUas Badtdea 

In discussing the data relating to trinitro- (piciyl; derivatives of benzene 
in 1908, Jerusalem and Pope were mainly concerned m showing that “ the 
z dimensiou of benzene could be distmotly traced throughout the senes ” , 
the value they obtained vaned from 2699 to 2873 Although they 
recognised that expansion took place in the direcUons w and y, like ourselves 
they made no particular effort to discover the laws underlying the changes. 
In view of the success that we have met with m deahng with the di- 
denvatives, we have reconsidered their data and with the aid of models and 
geometncal projections have deduced values which appear to be rational 

In order to get a better idea of the probable dimmisions of the eqmvalenoe 
parameters of the trinitro-denvatives, a structure was devised to rqiresent 
tnnitrobenzene, using spheres of appropriate eizee. It was found that unite 
of benzene in which the hydrogen spheree of one layer, zs. the l:3dl 
positions, had been displaced by a nitrogen atom, oould be packed together 
symmetrically in a plane in such manner that room was just left for the 
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requisite munber of oxygen spheres, in groups of three, to be placed in the 
hollows that were left. The resulting structure had trigonal or nearly 
tngonal syramotiy and its dimensions, supposing the z or vertical dimension 
to be practically that of benzene, were x y s ss 3 88 4 46 2 78 

In Table II on p 130 are given the equivalence parameters of trinitro* 
benzene and pioryl chloride it can be seen that these agree very closely 
with those of the ideal structure They differ considerably, however, from 
the figures given by Jerusalem and Pope, which are not compatible with this 
structure The table also contains the eqmvalence parameteis of other 
trmitro-compounds * the values arrived at appear to be consistent with the 
denvation of the corresponding crystal structures from that of tnnitro- 
benzene It will be seen that within narrow limits the z value is always 
that of the “ lienzene thickness ” Attention may be directed to the stnking 
agreement in form of 13 5 trinitromethylbenzene and nitromesitylene 
[1 3*5 tnmethylnitrobenzene] 

IStyphntc Acul — This compound, which crystalhses in the hexagonal 
system, a c ss 1 1 3890, was referred by Jerusalem and Pope to a 
system of orthorhombic axes, a 5 c = 1 7321 1 1 3890, whence x y z ss 
4 825 . 2 786 3 869 The y value is here the z value of benzene If 
stypbnic acid be related in form to benzene in the way we suppose, a 
tngonal axis is to be looked lor in the direction of the z parameter and 
consequently the “ thickness ” value should correspond to «, not to 5 If 
in the above hexagonal ratio, we halve r and throw the ratio into Uie ortho* 
rhombic form — 

0866 1 (c/8)coBaO°<>08ee 1 06014 
the equivalence parameters become (W s 52) 

« y 4-0176 4 63»1 27901 

The figures given for tnnitrophloroglucinol hydrate need similar recon- 
sideration. Tins substance also is hexagonal, a c s 1 1 0346 taking 2e/3, 
this becomes in the orthorhombic form — a * 5 * t- as 0 8660 1 . 0 6973 , whence 
« as 4*1760 48221 28802 The parameters Urns deduced appear to 
be more nearly rational than those previously armed at. 

The Strueture Betameiulphan'ihde and tie Denmtivea. 

The sulphonamides do not, as a rule, crystallise in well defined forme and 
in the few cases m which satisfactory measurements have been secured, they 
have been found to crystallise in pseudotetragonal forms (Table IV, p. 143) 
which cannot be interpreted. The sulphonilides and similar oompounds, 
however, usually otystallise with facility in forms well suited for measure- 
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Table 11. 



a h e 

$ 

W 

Fr&otionB 

lued 

» y • 

i 

1 0 0640 1 0 7330 

1 

1 

90’' O' 

48 

6al4 

8 8018 4 6S19'8'7S88 

1 7876 1 1 2176 

00 4 

48 

25 

8-e785 4*4680 a*7iei 

0 •688 1 0 6688 

1 

80 11 

62 

4a/8 

4*148B 4 6307 S*7W7 

1 

0 9873 1 0*6724 

] 

1 

00 0 

64 

4<r/8 

4'006S 6 0066 t 6888 

0 6600 1 0 4678 

00 0 

64 

5/8 

4-0884 4-7060i 8 8004 

1 

1 

1 

1 *7497 1 1 1 6846 

00 0 

66 

— 

4-884 t4 816 8-768 

1 

! 1 7226 111 4686 

1 

1 

01 69 

66 

— 

4 118 4 848 8 8U 


meut Having accumulated a laige number of data relating to sach 
oompounda, notwithstanding the complexity of the problem, we have 
attempted to decipher their atructure, malang use of graphic metbcde 
The results amved at are such that we venture to think onr attempt is 
justified llie complex nature of the matenal ducussed will be obvious on 
reference to Table HI 
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Table III — Derivatives of Benzeneeulphanibde 
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• ' Olwm. Soo Imam Tmiu vol 87, p UW (tliM* StudiM, PM U) 
t BrognatelU, * Znt. X 171 I vol 80, p 181 



132 Prof. Armstrong' and Messrs. Colgate and Bodd. 

Table 111 — eonttnued 
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Ab benzenesulplunihde crystallises in the tetragonal system, it is not 
immediately comparable with the 8imx>le benzene denvatives thus far con- 
sidered raradibromobeiizcnesulphanilide, however, is dimorjihous one 
form IS nearly tetragonal and probably therefore is related closely to tetra- 
gonal beiizenesulxibanilide , the other — a labile form — ^is closely related to 
urthoihombic benzene The axial ratios of the latter form are a h t = 

1 372 1 1 163, /3 s= 97“ 50' If a be doubled, W being 68, the eqiinalence 
parameters become a, y zss S 234 7 631 2 781 
A structuix) corresponding in symmetry and dimensions to this crystalhne 
form of paradibromobeuzenesulphanihde can be built up as follows Two 
undistorled benzene models are placed side by side so that tno pairs of 
carbon and two pairs of hydrogen spheres are m contact, two hydrogen 
spheres in contact are then removed and two spheres of volumes 2 and 3 
are substituted for them, lepresentiug sulphur and mtrogen respectively 

Tins substitution causes a separation of 
the two benzene units which were 
formerly in contact, leaving room for the 
insertion of one oxygen atom between 
them The positions taken up by the 
remaining atoms of oxygen and hydrogen 
can be seen from the photograph, fig 12, 
which represents a model of a smgle unit 
of the composition — GaHt-SOaNH CaHa. It should be noted that two such 
models can be construoted which are enantiomorphously related to one 
another. 

Such units can be arranged in a plane layer to form a very compact 
structure in the manner shown in fig 13, in which the outline of each unit 
IS defined by a broken line Units of sucoessive rows are in opposite 
orientation , digonal axes emerge perpendionlarly from the points marked Q 
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in the diagram and from all points similair to these There are two methods 
of Blacking these layers, one being to rotate a layer sinular to the brat 180° 
about an axis parallel to the direction of y and Llien to stack the units so 
that centres of benzene umts he vertically over one another in the 
alternative method, the units of the second layer are the mirror images of 
those of the hrst, the stacking in this case also being such that the benzene 
units he directly over one another This latter is more likely to correspond 
with the crystal stiucture, as it is an internally compensated arrangement 
and 18 111 accoi dance with the fact tliat hemihedral crystals of compounds of 
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this type are never observed. If one crystal only contained molecules of 
the one type, presumably other crystals would be formed consisting of 
molecules of the other type . it » to be supposed that crystals thus con- 
stituted would show hemihedral forms but such forms are not observed 
No attempt is here made to explain the slight adjustments this structure 
most undergo to bring it into the most closely packed condition: such 
a4)uetments would involve but small changes in the dimensions of the 
structure and it will serve no useful end to attempt to discuss their nature. 
The translations of the assemblage m the directions parallel to the edges of 
the diagram are shown as 2» and y. Assuming that the vertical translation 
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la 2 781, the z value for paradibromobenzeneaulphanilide, the other dimen- 
aiona of the diagram are found to be a; * ^ es 3 18 * 7*70 These correspond 
remarkably well with Hie parameters deduced from the measurements made 
of paradibromobenzenesulphauilide, viz , 8 284 * 7 631 In addition, the 
symmetry of the suggested structure corresponds with that observed in the 
case of this sulphamUde. 

— If the unit of benzenesulphanilide outlined 
in fig. 13 be examined, it will be seen that the two hydrogen atoms m ortho- 
positions to the nitrogen atom are not equivalent and that therefore two 
difierent structures might be obtained by substituting the methyl group for 
the one or the other of these hydrogen atoms. This does not imply that 
uommc benzenesulphoaorthotoluidides are possible, because by the simple 
process of altering the position of the two constituent groups of the 
toluidide, by rolling the sulphur and nitrogen atoms round each other 
m the plane of the layer, the two kinds of molecule are converted the one 
into the other In the free state, the molecule probably takes up an inter- 
mediate position between the two lorms* the fact implies, however, a 
possibility of dimorphism Diagram fig 14 and fig. 15 represent a stnicture 
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formed by the displaoeiaent of the hydrc^u atom in the ortho-pofution to 
the nitrogen atom situated between the two benzene units in the molecule , 
a more closely packed structure la obtained 
when the methyl gioup takes up this 
position than when it occupies the other 
ortbo-position The diagram indicates 
the manner in which such molecular units 
of benzenesulphonorthotolmdide con be 
packed together in a plane layer. As in 
the case of benzenesulphanilide, successive 
layers probably consist of enantio- 
luorphous units. If the third layer 
consist of units of the same kmd as the 

hrst rotated through an angle of 180° about an axis parallel to the ihrection 
of y, the fourth layer being similarly related to the second, a structure is 
obtained having three axes of symmetry at right angles but no planes of 
symmetry This structure may correspond to orthoihombic benzenesulphon* 
orthotoluidide, 

llenzenesulphonorthotoluidide crystallises in the orthorhombic system, 
a .b 0 s 0 7780 1 0 5910 Taking 3a and 4c/3, the valency volume 
being 74, the equivalence parameters become x y z = S 427 7 999 2 700 
we suppose the vertical dimension in the diagram to be 2 700, those of 
X and y are found to be 3 44 7 96 These agree quite satisfactorily with 
the observed values and we seem therefoie to have arrived at a satisfactory 
solution of the structure of the orthotoluidide The 2 5 chluiobronio- 
benzenesulphonorthotoluidide described in Part II of these Studies appears 
to have a similar structure, its equivalence parameters being 

3 3368 81238 2 7917, i9»102°6'. 


It can be seen that the effect of introducing the metliyl group into the 
structure of benzenesulphanihde in the ortho-positiou is to lengthen both 
X and y parameters to about an equal extent. 

BeimnMu^kometaioluidvde . — The diagram fig 16 lUustratee the mannei in 
which molecules of bensenesulphometatoluidide can be packed together. The 
same procedure having been adopted lu doming this struotore from that of 
the Bulphanilide as in the case of tlie orthotoluidide, no further explanation 
IS necesaaTy. It may be remarked, however, that the methyl group of each 
molecule is found to intrude oonsideiably mto the domain of the neighbouring 
mdeoale ; the four valencies of each methyl carbon atom in the assemblage 
are distnbuted approximately tetrahedrally. 
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2 5 Chlorobromobenzenesulphometatoluidide crystalltBes in the monosym* 
metno system, a h c a= 0'7676 1 11546, 100® 87' The equivalence 

parameters, taking 4a, are y * s s 3 2114 8 4287 2 7815 The dunensiohs 
of the diagram, as drawn from the model, are x y « s 3 25 8 18 2*78. 
The correspondence between the two sets of dimenstons is very dose and 
becomes even doser if allowance be made for the intenunal an giA 
as 84287 Bin^ss8'285. Comparing these dimensions with those of the 
sulphanilide, it is obvious that the result of displaomg the hydrogen 
in the meta-position by methyl is to increase y considerably and x but very 
slightly 

A consideration of fig. 13 shows that the duplaoement of eithmr the meta* 
or iiara-hydrogen atom in the aniline radicle by methyl would produce almost 
identical changes in the dimensions of the structure, namely a considerable 
elongation of y and very little change in x It has not, therefore, been daemed 
necessary to draw a diagram representing the struoture of benzenesnlpho- 
paratoluidide, it is sufficient to show that the equivalence parameters of s u ch 
compounds as we have examined bear out our statement The following 
examples illustrate this point 
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9 y * 1 



3 8240 8*80S8 2 7SS8 

96* 3' 


a 2660 1 8*4146 2*7277 

99 11 


It can be seen that it makes little difference to the stmctara whether the 
methyl group be attached to the one or to the other phenyl group 
It may be anticipated that the effects upon the structure of bensene- 
sulphanihde of methyl groups in various positions will be cumulative when 
two or more groups are introduced together For instance, if methyl groups 
be introduced into both ortho- and meta- or ortho- and para-positions, an 
elongation of both x and y parameters is to be expected. The following 
examples demonstrate this — 



m y z 

0 

Br 

<z>°*™<z> 

8 284 7 681 2*781 

vr 60' 

Br 

CH, 

8 6802 8 0818 2 *7298 

97 26 

CH, 

8 8485 8 8622 2 7666 

iOl 66 

OH, 

OH, 

8 4406 8 4738 2*7440 

90 0 





Unfortunately tolueneparasulphoparatoluidide crystallises in the anorthio 
system and consequently its axial directions cannot be determined but we 
should expect to find in this case a considerable extension m the direction of 
y and practically none in that of x 

The displacement of the imino-hydrogen atom in beneenesnlphamlide by 
the methyl group should produce an increase in the direction of x, the 
farther introdnction of a methyl group in the para-position should leave x 
voi. xo.— a. h 
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unchanged and increase the parameter y This u exactly what happens, as 
the following figures show — 


<( )>8o.y(en.)<;^’ ) > 


CHi<^ ^ftOjX(CH,)<;;^ \ 


3 5888 7 6134 2 7890 


3 6237 8-0074 X 8302 


KXf 16' I 


87 6 


The results arrived at in this section ore summansed in Table III It 
may be noticed that in all cases the 2 value approximates very nearly to that 
of benzene 

The y values vary from 7 513 to 8‘86, they are therefore 0553-190 m 
excera of twice the y value of benzene, 3*480 x 2 = 6 960 When the changes 
in composition are consideied wiUi reference to Diagram 13 (benzene- 
sulphanilide) and the manner in which the substitution is effected m 
various regions of the molecule of benzenesulphanilide is taken mto 
account, it is obvious that the increase in the value of the y axis is of 
the character to be expected throughout the senes 
As 18 indicated by the same diagram, the change to be expected in the x 
parameter is relatively small in most cases, actually the values deduced 
(3 2114-3*680) are but slightly lu excess of the a* value of benzene, 3 101 
Diaulphamluies , — Benzenemetadiaulphanilide has a crystal structure appa> 
lently very similar to that of benzmiesulphaniUde. The acoompanying 
diagram, fig, 17, shows the probable configuration of a unit of this substance. 
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The y dimension of a structure built up of such units should have a value 
about 3/2 times that of benzenesulphanihde The actual equivalence paia- 
meters of the meta-compound deduced are te y . z » 3*239 * 13 036 : 2*516 , the 
low value thus found of z is noteworthy and in a measure unsataafsotory. 

The structure of benzeneparadisulphanihde is apparmitly very ^ilar to- 
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that of the luetadisulphamlide ; a compariaon of the equivalenoe parameters 
of the two compounds lu Table III shows them to be almost identioaL A 
ready explanation of this observation is immediately forthcoming, for if the 
unit of the meta-compound of fig 17 be compared with the unit of the para- 
uoinpound of fig 18, it can be seen tliat the confaguration of the unit is 



practically the same whether the three lienzene units ate linked through 
ineta- or para-positions 

The Structure of Acetawdule and edited Compovmds 

The cases previously considered have been either simple substitution deri- 
vatives or compounds such as bentenesulphanilide containing two benzene 
nudet, more or less modified by substitution m the present section, the effect 
of introducing acid radicles of paraffincud type into anihne and its derivatives 
will be considered 

Models of the unit of acetanilide of appropriate size may readily be packed 
together but it will lie noticed that the margins of the umts m the region 
occupied by the acid radicle interpenetrate to an extent not noticeable in 
previous oases The form and dimensions of a plane layer of the assemblage 
are shown in fig 19. 

The axial ratios of acetanilide are — a h rsz 2*0670 1 0 8488, the 
symmetry being orthorhombic . taking 2a/3, the equivalence parameters are 
—a.y zs 4 6862: 8*4007 28865. 

The diagram is drawn accurately to these figures Attention may be called 
to the fact that, as was to be expected, the y and z values are those of benzene, 
the K axis alone being elongated and to a oonsideTable extent 

The axial ratios and equivalence parameters of a considerable number of 
compounds of the senes are given m the following table. The figures 
indioate~-(l) that *the hexagonal marshaUing of benzene units is retamed in 
the etrootuxes, z being slightly above the benzene value 2 780 , (2) tiie value 
of y is scarcely afboted by the mtrodnetion of alkyhc radioles into the 
amino-group, (3) the introduction of alkyhc groups mcnases only the 

L 2 
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X parameter. It is clear when the model stmotare of aoetanihde u examined, 
that alkjlic groups can be introduced without disturbing the dimensioiis of 
the translations y or z It will be observed also that the stmoture of 
parabromoformamlide is ver7 similar to that of formamhde. 




a 

h 


-- 

e 1 

1 

1 ^ 

1 

r 

w 

FTaefcioiiB 

UMd 


a 

.y 

M 

Fomamlide 

2 

188 

1 

2 

408 

94* 

64' 

40 

Sa/S, c/9 

4 

1420 

8 *4128 1 

>2 8400 

Ptorftbromofonuauihda 

1 

1028 

1 

1 

4100 

90 

0 

40 

8»/9 

8 

sees 

S-6862 

3 8440 

AcfltaiuUde 

1 2 

0670 

1 

0 

BiiUt ‘ 

P 9 DO 

00 

0 

46 

Sc/S 

4 

0869 

8-4007 

8*8866 

Methjlacntazulide 

' 0 

8958 

1 

0 

8404 

90 

0 

58 

4a 

6 

9491 1 

i3 88801 

11*8784 

1 1 

0064 

1 

0 

8401 

90 

0 

68 

6a/a 

6 

7919 1 

i8 4627 

2 9006 

Propylaoetanihdo 

1 1 

1 

820^ 

1 

0 

8410 

90 

0 

64 

8a/2 

6 

■7088 

8 86081 

12*8886 


It 18 noteworthy that in the case of the monosubstituted compounds the s 
value IS very low, even lower than is observed in the case of snlphonates , the 
y value, on the other hand, is unusually high 
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PaMohlonboetaiiihdft 

1 8268 1 0 6804 

no" O' 

46 


4 9177 1 8 7078 1 8 8287 

PmbfroiiiMsIamlide 

1 3904 1 0-7169 

90 

0 

46 



4-0896 8 6887 8 6891 

PsriodMaliMulide 

1-4186 1 0-7416 

90 29 

46 

- 

4 0978 8 6288 1 2-6124.. 

Parahrometliylaoetazulide 

1 4068 1 1 6686 

9S 86 

58 

rz/2 

6 8868 8 7626 2 -6884 

FAfabromopropionanilide 

0 4460 1 0-8948 

90 

0 

62 

2r/a 

6 8018 8 4604 2 0902 


In the di-subBtituted acetanilides, liowever, there is a return to the larger 
value of z and the lower value of y 


24 Ptohloraoetenihde 

0 8268 

1 

0 6627 

77® 

38' 

46 

2c 

! 4 7008 

8 4428 

2 8446 

2 4 Bromochloraoetanilido 

0 8214 

1 

0 7074 

77 

46 

46 

2( 

< 4 8588 

S 4342 

2-8208 

2 4 Dibromaoetftsilide 

0 8iai 

1 

0 6806 

78 

24 

46 

2r 

> 4 7884 

1 

3 4729 

2 8240 

1 


Dot vat ties of Metaxylmoth%ol 


The compounds to be referred tx) in this section were prepared and measured 
by Dr G Harker and will lie deacnbed in a separate communication 
In devising homogeneous closely packed asBeiublages of spheres to represent 
structures so complex as the substances under cousideratujn, the difficulties 
encountered are very considerable The exact interpretation to be put upon 
the axial ratios* is therefore somewhat uncertam and the equivalence para- 
meters given 111 the followmg table are only put forward tentatively as those 
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I FraotionR 
uwd : 


1 0499 1 


1806 


90* 0' 


8«/2 


4 6088 S 0059 2 8268 



0 0866 1 0 7410 


0-9942 1 0-6214 



0 7874 1 0-8882 


80 9 I 66 , 25/6 


27 62 


76 28 I 06 


5/2 


I 4 7861 6 1189 2 7682 


4-6906 4 6486 2 8886 


4 8706 6-2641 2 9684 


I 



142 


Pi of. Armstroug aud Messrs. Colgate and Kodd, 

which appear to be rational, in order to show that the method is applioable in 
cases of this character 

Tlie dimeuHionB of the eqivalence paiameters agree, bo far ae we have been 
able to osoertaiu, with the ditnensions of model struotureB constructed on the 
linea of those already described It may be mentioned that several compounds 
allied to those confliderod by us \rere measured by Dr Harker which 
crystallised either in auortlnc or pseudotetragonal foinis 

An<nthii^ Pmidtmdnc and Paeudotetragmal Forms 

Of the large number of benzenesulphochlondes contauung halogens which 
have lieen examined, not a few crystallise in the anorthio system, this being 
the case particularly m the 13 4 and 13 5 senes studied by Jee Ah 
unorthic crystals possess no elements of symmetry, it is impossible to identify 
any principal directions m the crystal structure w attempt can be made, 
therefore, at present, to interpret the structure of such crystals 
Another class of crystals which cannot be dealt with includes all those of 
(exceptionally high symmetry which approximate to cubic or to tetragonal 
symmetry Such crystals are probably very closely related in structure to the 
cubic closely packed arrangement of equal spheres and m all probabihty, in 
such oases, theoubio or tetragonal space lattice contains several chemical units 
differiug in their orientation The identification of the translations in the 
crystal structure, m such cases again, is a matter of impossibility, at present 
But the fact that such fonus are met with frequently is of little effect on 
the axgument, as it is possible to interpret the structure of substances closely 
allied to the forms which are anoribic , and in not a few cases, if not connected 
by transition forms with members of their senes of determined structure, the 
anorthio forms may be caused to assume forms of detenninable stiuoturo by 
ciystalhsing them with substances with which they are isopolymorphous — a 
proof that they differ but slightly from the terms of recognised stmoturo 
The argument is equally applicable to pseudocubic and pseudotetragonal 
forms 
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Table IV — CompoundB which cannot at present be " Interpreted ’* Crystallographically 
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!w 

1 

1 
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' 

1 

y 
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Pseudotetragonal 

1 






^OjNHPh 

1 

1 2 4324 

90" O' 

68 

— 

7 3824 

3*0860 

8*0360 

Br 






1 



^OjNHPh 

1 329 

1 1*025 

97 S8 

68 

2ff 

i 7 798 

2 982 

3 005 

Br 






1 



Cl<^ ^>80^Ha 

0*629 

1 0 608 

07 48 

40 

1 

4 739 

1 

2*081 

2 858 

Br<^ j>SOjNlIj 

0 628 

] 0 601 

98 66 

40 


4 752 

2 984 

} 

2 856 

! 1 
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1 / \80,NHa 

0 4238 

1 0 4208 

91 44 

40 

1 

2/iy8 

1 

4 6304 

2*9465 

2*9284 
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1 3622 

1 2 0867 

89“ 8i' 

ao 

3»/4, c/8 

8 3130 

3 8676 

3 2841 ! 
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1 Br 

1 









1 

n 

1*0696 

1 0 4051 

00 67 

86 

Sc 

a 4650 

S 2395 

8 2077 
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0l<^ )>80,Br 

1 001 

1 1 627 

91 84 

36 

«/*. fc/8 

8 1746 

8 3882 , 
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Cl 

“C 

^SOjBr 

<1 

0H,/~ 
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0*66416 1 0*79742 8JP 27' I 80“ 83' 64“ 38' 


0 7660 1 1 *1261 I 96 44 I 116 44 84 


1*0686 tl 0*0880 


74 62 


77 8 


86 26 
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We venture to thmk that the evidence we are able to aabnut in this 
comnmnication is oonclusive proof of the validity of the postulates upon 
which Barlow and Pope have based their method of correlating crystalline 
form with internal molecular structure and of the general accuracy of their 
conclusions, at least m the case of benzene and its immediate derivatives. 

It cannot be doubted that the establishment of a connexion between 
external and internal configuration is a step forward of immense consequence 
and that many problems hitherto beyond our reach may now be taken into 
consideration — especially the inquiry into the internal structure of the 
simpler compounds which have so long defied analysis Hitherto crystallo* 
graphy has been little more than a descriptive science but it is to be expected 
that, in the near future, it will prove to be an all important and mdispensable 
adjunct to chemical inquiry into both mtramolecular and mtermolecular 
structure 

Meanwhile there are some considerations to which it is desirable to draw 
immediate attention 


T/ie Formula of Bctmute ami the Dtspontton of the AfinUtes of the 

Gaihon Atoin 

Chemists are accustomed to represent benzene by a plane symbol and of 
late years it has been fairly generally admitted that the properties of the 
hydrocarbon are best expressed by the oentrio formula In point of fact, 
this formula is practically the projection of the Barlow-Pope sohd model 
representative of the interatomic structure and configuration of benzene 
arnved at by compressing the two layers into one plane, so as to exhibit the 
disposition of the carbon atoms in a '* rmg” 

In passing from plane to sohd formuke, on the other hand, if we are logical, 
we must give to these latter as full a meaning as we have been accustomed to 
give to the plane formulse m other words, the sohd umts must be considered 
to be endowed with the properties which are regarded as charaotenstio of 
the elements they represent It is generally recognised that the van’t Hoff 
tetrahedral symbol of carbon is a symbol of eztraordmaiy significance and 
there can be little doubt that it is truly representative of certain fundamental 
properties of the oarboti atom, partionlaily of the disposition of the four 
affinities more especially of the fact that these affimties operate withm 
and without the atom in certain directions, those represented by hnes 
drawn from the centre of mass of the r^Iar tetrahedron to its four 
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apioes * lines which meet, therefore, at an angle of 109° 28' and m the manner 
shown in fig 20. 

As Barlow and Pope point out, when the carbon units are dissected out 
from their models, in the case of paraffinoid (open chain) derivatives, the 
directions in which affinity acts— those in which the vanous atoms are 
attached in the solid models — are those recognised by the van't Hoff 
hypothesis 

It is owing to the fundamental property referred to that the carbon atoms 
in carbon compounds generally, not only in benzene, become arranged not in 
single layers in a plane but in zigzag fashion, in two superposed planes 
Thus, in the case of camplior, for example, the crystalline structure can be 
regarded as denved from an hexagonal closely packed assemblage of equal 
spheies arranged in two laier^ 

If two layers be selected from an hexagoiuil assemblage of equal sphcies, 
in the plane perpendiculai to the hexagonal axis, «nul if from one of these 
layeis alternate spheres be removed m two lows <jut of three, the lemaining 
assemblage is immediately pai titionable into units of 10 spheres so ooii* 
stituted as to simulate the arrangement of tlio carbon atoms in the camphor 
moh'oule but more opened out than in benzene. A structure thus denved 
wouhl probably possess trigonal syhiuietry As a matter of fact, camphor is 
tngonal and several of the doiivativos arc pseudotiigonal 

The dimension in the direction of the tngonal axis appears, from the model, 
to be close to the z value for bon/tme The jiarameters of camphoi and 
several of its deiivatives winch we have been able to deduce are in accordance 
with this view — 



a h o 

Fractions 

UBOd 

a- 3 f s 

Camphor 

0 S60 1 1 6851 

o/8 

4 2626 4-0220 ) 2 7647 

aa Diohlorooamphor 

1 4880 1 1 8865 


4*1106 6 0004 2 7718 

tta Dibroinooamphor 

1 6400 1 1 0048 

1 

4 1027 6 8006 > 2-0826 

«a Bromoohlorooamplior 

1 6870 1 1 I 8865 

‘ 

4 2117 6 -0278 2 7880 

a Olilorooamphor 

0 0707 1 1 2070 
8-08° 16' 

2a/8 

1 

1 

4 2048 6 -0780 2 7210 


As, therefore, it is to be expected tliat a dimension very near to the 
z dimension of benzene will be met with outside the benzene senes, our 
demonstration that not only the z value of benzene but also the y value s 
characteristic of so a large a number of benzene derivatives is of special 
interest and value, as definite proof that the postulates on which the 
Barlow-Pope theory is based are sound the variations in dimension of the 
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.V aod y values which are the outcome of the vanoua changes m oompomtioB 
to which we have referred are equally of value and intetest m this connexion 

But if the structure of benzene and benzenoid compounds be as suggested, 
the affinities of the carbon atoms cannot possibly meet at the natural angle 
(109° 28') It must, therefore, be supposed either that they do not act, 
within and from the atom, rigidly at a definite angle but are more or less 
deflected and strained ' or that if they are so directed, mteractmg affinities 
do not overlap and neutrahse each other but remam more or less 
unneutialised The former view is practically that put forward by 
von Baeyer, the latter being that advocated by one of us. The behaviour 
of benzenoid compounds is more in accordance with this latter point of view 
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In the case of benzene, the interacting affinities, including those by which 
the hydrogen atoms are held, must be so directed, in the case of each carbon 
atom, that three are projected into one and the same plane, the fourth 
affinity of eadi carbon atom will then be directed into an opposite plane 
The result is that a bundle of three affinities— Faraday tubes or lines of 
force — emerges from each face of the benzene molecule, practically at right 
angles to the plane of the molecule, as shown in fig; 21 These ate the 
" centric " affinities, it may be supposed and it is their mteraotion apparently 
which gives benzene its special otuiraoter. Each affinity in the upper plane 
18 balanced by a oonespondmg affinity in nbe lower plane but the two aete 
of affinities interpenetrate if projected upon a oentoal plane. 

The conclusion which we have been accustomed to draw, that the carbon 
atoms in benzene are united m a “ nng" and nearly saturate <me another is 
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thus Heeu to be mcorreot the stability of the hydrocarbon cannot be due to 
the fact that the aifimtiea meet at nearly the natural angle (109° 28') but u 
lather to he ascnhed to the lutluonco exercised by the “centnc” afidnittes 
the unsatnrated character of benzene is probably due to tiie unsatisfied 
affinities above referred to at the i>enpheiy of the molecule, which may be 
regarded as the active region. 

If this view be applied in other cases im]H>rtant conseijuences follow Thus 


^ y CHj CH. <([ 


■\ 

/ 


it 18 customary to represent the hydrocarbons dibenzyl, stilbene and tolane 
by symbols such as the first but the arrangement is more nearly that of the 
second given above in this latter figure, bearing m mmd that in the case of 
each pair of carbon atoms in benzene the two atoms which are combined aie 
in different planes, the two carbon atoms which unite the two benzene 
residues are shown in different planes Crystallographically the three com- 
[lounds are very closely related - - 
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Fractions 

used 

X 

y 

X 

Bibensvl CgUiPbo 

1 8088 

1 

0-0881 

oe 

M 

6 

70 

8»/4 

8 2266 

8 1468 

2 6086 

Stilbene 

OjHjPhn 

1 9070 

1 

0 7080 

84 88 

68 

8t/4 

8 0141 

t8 0260 

2 8286 

Tolane 

CjPbo 

8-0197 

1 

0 6800 

62 46 

66 

84/4 

8 0091 

8 1086 

2 7285 


Apparently the diffeieiices m the airaugemeiit ol the assemblage condi- 
tioned by tile presence or absence of either two or four hydrogen atoms arc 
but slight, the dimensions of the x and z parameters being very nearly those 
of benzene, the y parameter showing an increase such as is to bo expected 
But takmg into account the direction m which affimty acts in tolane from 
the benzene units towards the pair of carbon atoms at the junction, each of 
these latter must be supposed to have an affinily free, the which affinity is 
directed outwards * presumably these free affinities produce a disturbance in 
the fields normally existent at each surface of the two benzene residues 
If this be a correct conclusion, the central carbon atoms m tolane cannot 
be and are not combined in the manner commonly supposed by three 
affinities of each but at most by two, as in ethenoid compounds * 


* It may be remembered that it liae been contended by Jukne Thomsen that the 
earbeo atoms are leas firmly held together in ethylene tlm in ethane and still leas 
firmly m acetylene ; ef , ' Phil Mag vol. 98, p. 73 (1887) 
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There are many directions in which it will be desirable to pursue the 
inquiry into the correlation of crystalline form with molecular structure and 
with physical and chemical properties it is already clear, that when the 
sobd configuration of the molecules is taken into account, not a few of the 
problems which have occupied attention * of late years will meet with 
a simpler solution than it has been possible to give to them hitherto Tlie 
disouBSiou of these matters and of the camphor and naphthalene derivatives, 
however, is reserved for a future comiminication 

KxpfTumntid MatenM 

1 4 00 iiM, Noh 1-14 — The compounds numboiod 1-14 m Table T, p ISl, sreall 
mcluded in the same order m the table given on p. 1690 of the second of these Studies'**’ 
but Nos 13 and 14 are Noh 14 aud 16 in that table, ns No 13, the compound 
SO^Cl I Cl 1 2 6, the “ invei sion-form ’* of No 10, is omitted from the table now 
given Of the 15 sulphochlorides of the paia-series previously considered, this is the 
only one for which we have not been able to deduce parameters in agreement with 
those given by other teims of the series we have again prepared and measured the 
substance without discovering any error in the previous measurements but in so doing 
we have noticed that this chloriodo-chloiido is dimorphous , the second form, however, 
IB labile and crystallises in the anorthic system It may be noted that the compound 
SO/n Br 1 — 1 2 5 (No 12) is also dimorphous but the stable second form of this 
substance has not been obtained from solution, the change takmg place after removal 
from the Inpiul The two compounds leferred to fixe the only instances of dimorphism 
yet observed in the 1 4 senes. 

14 JktodohMienentdp/totJdaride (SO^*l 1 f - 1 2 5) 

System Monosymmetne 

Axial ratios ft b c = 0 851 1 0 673 ^ == 95" 46' 

Forms present a{100}, 6{010}, w{120}, p{012j 


Angle 

No of 
observations 

1 

Limits 


Mean 

010 1 130 


j 80® 15'— 

46' 

80® 84' 

019 010 : 

92 

74 0—76 

6 

74 88 

012 190 1 

18 

59 16-60 

0 

69 26 


1 3 8«rl«, Nos 16' 19 —With the exception of No 19, these were all prepared and 
measured by £ 0 Jee, D Sc. Of the eight compounds of the 13 4 senes obtamed by 
Dr Jee, three crystallise in the anoithic system and cannot therefore be included m the 
present discussion , the eight form an uotnmoiphous senes, as shown in the table on 
p 149 


* ‘Chem Soc Trana/ 1910 
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1 

Orientation 

3 4 

Anorthic 

Cryetallographio systems 

Orthorhoxnbio Monosymmetric 

T 

Cl 

Cl 

SOjBr 

Stable 


1 

1 

II 

Cl 

Br 

SOgBr 

Stable 



III 

Br 

Cl 

SO}Br 

Stable 

— 

— 

IV 

Br 

Br 

SOsBr 

Labile 

» Stable 

— 

V 

Br 

Br 

aOgOi 

(Labile) 

— s. Stable 

Labile 

VI 

Br 

Cl 

60iCl 

1 

Stable 

Labile 

VII 

Cl 

Br 

so , 01 

— 

Labile ^ 

Stable 

VIII 

! 

Cl 

01 

80,01 

j 

Labile — ^ 

Stable 


In the caflo of No V, the exiRtenoe, m addition to the labile monoBymmetnc form 
which has been isolated and measured, of a labile anorthic form is inferred from the 
change observed under tho polarising microscope aa the substance cools from the 
melting point to the atmospheric tompeiature, as well as from the position the 
compound occupies in the senes, coming, as it does, immediately below the dibromo- 
sulf^o-broinide of whicli an anorthic form was isolated In all other cases, two forms 
were actually isolated 

15 (SO^Cl Cl (^1 »» 1 2 4) 

This separates from solution in a mixture of benzene and petroleum spirit (B ? above 
100** 0 ) in massive monosymmetric tabLets (fig 22) well suited for measurement The 
quality of the images obtained from the various forms was generally good 




Fig 23 — 16 Ohlorobromobenzene- 
Bulphochloride. 


Found Cl 43 28 per cent , theoretical 43 3 per cent. 

Forms present a{100}, 5{010}, r{l0l}, o(Tll}, n{120} 

System. Monosyoimetnc, 

Axial ratios a 6 06342 I 05700 0 » 07° 14^' 

The optic axial plane is the plane of symmetry, opUc axes emerging nearly normally 
from the faces a{l00} and r{roi} The optic axial angle is large and the double 
refraction strong 

There is a good cleavage parallel to r{T01}. 
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ETidence of the dimorphous character of the substance was obtained hj crystallising 
it in a thin film on a imcroaoope slide and observing under the microscope the gradual 
fhange of the labile fonu» in whuh tho substance first crystallises, into the stable form 
The following measurements weie made — 


) 

I 


Angle 

No of 
obserratiotiH 

1 


Linuti 


Mean 

1 

Oaloulated 

loi 

111 

64 

1 86® 

6'— 

80® 

66' 

' 86® 

25i' 



loo 

loi 

88 

' 60 

so- 

00 

64 

60 

40i 


- 

100 

110 

88 

1 89 

lo— 

89 

58 I 

1 89 

86t 

— 

- 

loi 

110 

24 1 

1 

40 — 

68 

12 

67 

681 

er 

60' 

010 

111 

80 1 

1 08 

26 — 

08 

62 1 

1 68 

83t 

68 

841 

110 

180 

26 

18 

40 — 

10 

40 ' 

19 

12 

10 

16i 

010 i 

iiao 

16 , 

1 80 

40 — 

81 

40 

81 

22 

81 

8 

111 

110 

10 

' 61 

14 — 

61 

48 

61 

84 

61 

84 

100 

111 

10 I 

i 68 

45 — 

64 

0 

68 

54 

68 

69 

loi 

180 

1 ^ 1 

1 76 

81 — 

76 

27 ; 

1 

281 

76 

lot 

110 

110 

' 6 1 

! 79 

8 — 

79 

40 { 

1 70 

16 

79 

18 

010 1 

;110 

I 12 i 

i ^ 

18 — 

60 

44 

BO 

26 

60 

281 

180 

180 

1 10 

62 

6 — 

62 

21 

02 

12 

62 

16 

100 

010 

8 

i 89 

47 — 

00 

12 1 

1 80 

68 

00 

0 

111 

I20 

1 2 

1 187 

ift— m 

80 1 

i 127 

22 

127 

86 

100 

120 

1 4 

1 68 

60 — 

59 

6 I 

1 68 

66 

68 

62 

111 

III 

6 

62 

47 — 

62 

68 j 

62 

60 

62 

61 


16 C^lorobio^nohenmiimtlphochloruie (BOfi] Br Cl 1 S 4). 

Thu is somewhat difficult to obtain in well defined crystals , it separates ftom a 
mixture of Ixmaene and petroleum or of ether and etbylic acetate in monoeymmetnc 
tablets resembling the isomorphous dichlorobenzenesulifiionic chlonde but differing 
somewhat from the latter in habit (c/ figs 22 and 23) 

System Monosymmetnc 

Axialratios a b c»0 8352 1 0 6680 

Forms present a{100}, 6{010}, f{101}, o{T] 1} 

The optic axial plane is the plane of symmetry, an optic axis emerging normally to 
r(T01} and another nearly normally to o{100} Condusive evidence of dimorpbum was 
obtained, as in the case of the dicbloro-compound, by microscopic observations 
The following measurements were made -- 


1 

Angle ^ 

Ifo of 

j obserrations 

lamito 

Mean 

Oaloulated 

loo loi 

26 

61* 4'— 01* 43* 

«!• 14' 

■ ■ 

100 no i 

10 

80 10 —40 0 

80 40 


111 JIO 

10 

61 48 —62 24 

82 4 


TOl 110 

27 

68 0 —68 85 

08 17 

68* 161' 

010 110 

15 

40 61—60 60 

SO SO 

60 80 

loi 111 

10 

25 68 —86 46 

se 141 

86 16 

100 111 

6 

64 18 —04 88 

24 SS 

64 26 

010 111 

4 

68 88 —64 14 

68 44 

68 U 
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17 Br(moehloroheHMnei^^ (&Ofil Cl Br » 1 2 4). 

This was obtain^ in measureable form from benzene The habit of the oryetala can 
be seen from fig 24 

System Orthorhombic 

Axial ratios a b cs 08162 1 0 G750 

Forms present r{001}, m{110}, #*{101}, o{lll} 

Tlie crysti^B show a good cleavage parallel to r{001} Evidence of dimorphism was 
obtained by the formation of both orthorhombic and monosymmetno foims on 
crystallising it in admixtui'e with the isomenc chlorobromobenzenesulphonic chlonde 


Anglo 

No of 
observationn 

1 

I 

1 

Limits 


Mean 

Oalculatod 

110 

110 

88 

. 78® 

20'- 

-78® 

68' 

78" 

16' 



110 

lOi 

22 

, 68 

28—68 

46 

08 

36 



101 

111 

8 

1 24 

64- 

-26 

5 

26 

lU 

26® 

I2i' 

001 

111 

4 

i ^8 

9—42 

22 

42 

16 

42 

141 

101 

001 

11 

34 

62—36 

80 

86 

6 

36 

64 

Hi 

no 

1 a 

1 

80- 

-47 

58 

47 

48 

47 

45| 

101 

111 

' 1 

1 

72® 

14' 


72 

1^ 

1 72 

8 

101 

101 

1 3 

70® 

8'- 

-70® 

ir 

70 

6 

1 70 

11 


001 



Fig 24*— 17 Bromoohlorobeuzeueeulpbochlonde 

16. Bibromobene 0 nMtUpkocAlaruie (BOjOl Br Br ^ 1 2 4). 

Thu u obtained m ciystals suitable for measurement from benzene mixed with 
a small quantity of high-boilmg petroleum. In habit the orystala are dmilar to those 
of the uomorphoua orthorhombic bromoehlorobenzeuesulphonic chloride but the elonga- 
tion in the direction of the e axis u not so marked. 

System Orthorhombic 

Axial raUos a b 0-08184.1 0 6688 

Found Br+Cl 66*86 per oent ; theoretical 58*44 per cent 

Forma present c{001}, m{110}, r{lOl}^ 0(111} 
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There is a good cleavage parallel to c{001} Conclunve endenoe of dimorphiam wu 
obtained by the mioxoscopic method 


1 

Anglo 

No of 
obserTaiions 


Limits 


Mesa 

Calculated 

110 

llo 

74 

W 

O'- 

-78f’ 

86' 

78» 

16' 



101 

110 

88 

68 

16—68 

60 

68 

87 

- 

101 

111 

26 

24 

49- 

-26 

11 

24 

60 

24 « 

69' 

001 

111 

11 

41 

82—42 

44 

42 

0 

42 

1 

001 

lOX 

10 

84 

46- 

-86 

20 

84 

67 

84 

67 

111 

no 

1 

4n 

60—48 

26 

47 

68 

47 

69 

101 

111 

18 

71 

44—71 

69 

71 

62 

71 

51 

lU 

no 

1 11 

07 

44- 

-98 

22 

97 

66 

97 

60 

101 

loi 

8 

68 

68- 

-70 

87 

60 

61 

69 

64 

111 

111 

4 

62 

26 —62 

48 1 

62 

86 

62 

84 

111 

HI 

1 


400 

66' 

1 

40 

56 

40 

68 

111 

III 

1 


84 

6 

1 

1 

1 84 

1 

6 

84 

2 


19 (SOi^Br Hr Br 1 2 4) 

Thu was obtained in two modificatiuua, one orthorhombic and the other anorthic , 
only tho fomer wae measured completely The orthorhombic crystals are indistin* 
guishable from those of orthorhombic bromochlorobenzenesulphochlotide (SO^Cl Cl Br 
>>>1 2 4) The anorthic form is the labile form at ordmary temperatures 

System Orthorhombic 

Axial ratios a 6 c 0 7097 1 0 5627 

Forms present r{001}, 9a{110}, f{101}, o(Ul} 

There is a good cleavage parallel to c{00t) 


Angle 

No of 
obserrafciona 

1 


Zomits 


HMn 

j Calculated 

110 

JIO 

26 


18'— 77* tv 

7r 

18' 

! 77* 18' 

110 

101 

67 

62 

60—68 

34 

63 

174 

- 

- 

001 

101 

78 

84 

42—86 

44 

85 

8 

- 

- 

101 

loi 

22 

70 

7—70 

82 

70 

17 

70 

16 

101 

in 

Mt 

24 

87—84 

67 

24 

42 

24 

48 

no 

111 

8 

47 

61—48 

6 

48 

0 

47 

69 

010 

001 

2 

89 

68—90 

4 

89 

68 

00 

0 

001 

111 

4 

41 

61—48 

14 

42 

1 

42 

1 


1 2 Berlea, Noa 20-27 —Five compounds of this senes containing either chlorine or 
bromine or both were prepared and measured by H. Harding, B Sc The dichloro- and 
chlorobrouio-chlotides are alike m form , the dibromocblonde has a dutiuct form but, as 
in the case of the 1 3 senes, the ohlorobromosulphobromide occurs m two modifications 
identical respectively with those of the chlondes referred to In thu series, much 
difficulty was expenenoed in efl^eoting the measurements owmg to tho low melting 
points of the compounds. 

Tho jodo-denvativos (Nos 25-27) were measured by A. R. Runockles, B Sc 

20 (SO^Cl Cl Cl » I 3.4). 

This chloride crystallises from light petroleum in large flat plates eUmgated in a 
direction perpendicular to the zone [lOl 111] , crystals suitable for crystallograTfiiic 
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meuarament are obtained only with great difficulty, usually the faces are rounded and 
do not give good refleotions 

Syatem Manoaymnietnc. 

Axial ratios a 6 , o » 1*6330 1 1 1640 fi » 106^ 1' 

Forma present a{100}, rflOl}, n{210}, o{lll}, ts{llT}. 


1 1 

Angle 

No of 
observatione 

Mean 

Oaloulated 

111 

in 

24 

02 ^ 

40' 

_ 


111 

111 

20 

60 

7 

— 

- 

loi 

III 

20 

80 

18 


. 

101 

111 

8 

76 

16 

76” 

ir 

111 

111 

21 

74 

6 

74 

7 

100 

111 

9 

66 

44 

66 

47 

100 

111 

8 

78 

8 

78 

8 

100 

tlOT 

1 

45 

2 

44 

67 

111 

an 

4 

101 

86 

101 

84 

lOl 

210 

1 

66 

22 

66 

14 

100 

210 

] 

1 

8 S 

12 

! 

88 

L _ - 

14 


21 Bi^imcMorohemmaM^ (SO^Cl Br Cl » 1 3 4) 

This compound crystaHiseB in forma umilar to those of the correapondmg dichloro- 
benaeneaulphoohloride but is much mol's readily obtained in good meaaureable crystals , 
the two compounds are closely isomorphoua 

System Monoaymmotne 

Axial ratios a h c » 1-6000 1 1-1390 


Angle 

No of 
obeemtions 

Mean 

Oaloulated 

111 in 

16 

jw 

8' 


111 111 

26 

60 

48 


101 111 

22 

38 

26 

— 

lOl 1 111 

• 17 

76 

28 

76” 28' 

in 111 

17 

74 

48 

74 46 

100 111 

16 

66 

60 

66 48 

100 111 

10 

78 

26 

78 24 

100 lOl 

4 

44 

7 

4i 10 

111 in 

9 

108 

8 

103 10 

lOl 810 

1 

66 

21 

66 21 

100 810 

1 

87 

87 

87 88 


22» BromoMMvbmiMmBulphob^ (S02Br . Br . Cl 1 8 4). 

This compound is isomorphoua with the two sulphoohlorides preTiously described 
ofystallising from a mixture of benxene and petroleum (B P 100” C ) m forms similar in 
habit to those of the chlorides, though the form {210} was not observed. 

System* Moaosymmetric; 

Axial ratios: a. 6. 0-1*6012 1 11410 Bssl05”29^. 


VOl* XO.— 


M 
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Aii^te 

No uf 
observationii 

Mton 

Calaulsted 

1 in 111 

24 

02° 4' 


, 11] 111 

11 

60 46 


! loi III 

15 

38 40 


' 111 loi 

2 

76 so 

1 76“ 38' 

1 ill I 111 

10 

74 27 

74 81 1 

1 100 lOl 

h 

66 10 

66 0 

100 111 

1 ^ 

73 a 

73 6 

100 lOl 

' I 

44 82 

44 20 


23 BFimochl<iTohmimev^ (SO,; Br Cl - 1 3 4, iieoond form) 

This was obtaiaed from a mature of benzene and petroleum (B F lOO** C ) ui ver> 
badly developed thm plates similar in habit and appearance to 3 * 4 dibromobenzene- 
sulphoohlonde 
System Monosymmetnc 

Axial ratios a*h I 2031 1 0 5855 (i ^ 77 30' 

Foms present a{100}, 5{010}, «i{110b 


Anglo 

No of 
obBerratioiiB 

Mean 

Calculated 

010 110 

21 

28' 

— 

010 oil j 

14 I 

1 60 16 


110 i oil 1 

1 2 

69 88 

— 

110 0] 1 { 

1 ^ 

73 67 

74* 12' 1 

loo oil 

1 _ 

1 79 0 

70 10 1 


24 Dihr<mob€7iZ9ne9ulpfiochlond< (SOjCl Br Bi 1 3 4) 

This compound does not crystallise m the same isomorpbous senes as the three 
Hubstanoes descnbed previously, Nos 20-22 Ckiod crystals were obtained, though with 
great difficulty, from a mixture of benzene and petroleum in the form of small flat mono- 
symmetnc plates in which the form 5(010} predominates , very large micaceous plates 
were obtained from light petroleum The crystals were dull and gave untrustworthy 
readings 

System Monosymmetnc 

Axial ratios a 6 c « I 2623 1 0 676i « 76" O' 

Forms present , a{100}, 5{010}, m{11 0}, y{011}, r(10 1} 


Angle 

No of 
observationB 

Mean 

Calculated 

010 

no 

62 

88“ 

47' 


010 

on 

82 

60 

48 

— 

no 

on 

10 

76 

88 

-w 

no 

oil 

8 

69 

12 

69“ 

10' 

no 

101 

4 

82 

27 

82 

29 

on 

101 

4 

88 

0 

88 

21 

100 

no 

87 

61 

12 

61 

18 

on 

oil 

16 

68 

8 

68 

24 

100 

010 ; 

6 

89 

59 

90 

0 

010 

101 1 

i 

! 3 

1 

89 

44 

90 

0 
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25. lochchloroh^nztTienilphochloride (SOjCl 1 Cl 1 3 4) 

This compound appear* to be dimorphous The usual form, which is not laomorphous 
with the correaponding duodo*compouud, has a flat tabular habit, the form r{001} being 
moat proinmeut It rrystalhsea from a mixture of benzene and light peti'oloum 


System Monosymmetnc 

J^xiol ratios a 5 c » 1 1764 1 1*0294 i9 == 85^ 29' 
Forms observed cfOOl}, m{llO}, 7^210^, a{lll} 


Angle 


No ol 
observations 


Limits 


Mean 


Oalonlatod 


1 110 

110 

I 18 

28*" 

86' 

-99“ 

87' 

99“ 

1 

99" 

0' 

' TlO 

110 

! 22 

80 

13 

—81 

47» 

80 

64 I 

— 

- 

001 

no 

20 

86 

14—87 

88 

87 

4 1 

— 

- 

110 

001 

22 

02 

21 

—93 

28 

92 

66 

92 

66 

' 111 

no 

6 

37 

3 

—88 

7 

37 

85 

' — 


( 111 

001 

6 

65 

5 

—66 

29 

55 

17 

1 65 

21 

1 no 

210 

10 

18 

51 

—19 

8t 

10 

1 

1 19 

0 

1 2L0 

2I() 

6 

60 

61 

-60 

57 

00 

62 

1 00 

48 

' lU 

210 

2 

42 

47 

—42 

61 

42 

40 

1 42 

34 

(JOl 

210 

4 1 

03 

AH 

93 

67 1 

1 93 

40 

1 98 

64 

210 

001 1 

2 

80 

8 

—86 


86 

6 

86 

0 

111 

111 ! 

1 1 


— 

— 

1 

1 77 

44 

77 

38 


26 Tlie second fotm of tins sulistamHi wan only nliserved upon one occasion, ^hen a 
few needle-shaped crystals weie obtainfed , the angular measni ements proved these 
to bo closely isomorphous with the crystals of the duodo compound ol the same senes 
The prismatic needles weiti elongated in the direction of the a axis 


System Monosymmetnc 

Axial ratios a b rtr- 0 5064 1 0 5823 /S - 85“ 21' 
Forms observed 5{010}, w{\ 10}, o{lll} 


Angle 

No of 
observations 


Lmiits 


Mean 

Calculated 

111 

in 

5 

46“ 

30'— 46“ 

67' 

46“ 

48' 

_ 

111 

010 

14 

66 

6— 67 

10 

66 

24 

66" 

80' ! 

110 

iio 

3 

61 

20— 61 

86 

61 

29 


1 

010 

no 

4 

58 

81—60 

8 

69 

16 

69 

151 1 

no 

lU 

2 

70 

46— 72 

14 

71 

34 

71 

* 

no 

in 

3 

lOB 

82—108 

60 

108 

39 

108 

68 

111 

no 

3 

136 

86—137 

8 

186 

58 

136 

67 1 

no 

111 

2 

42 

68— 48 

14 

48 

3 

1 


27 IhtodobenstnmUphochloride (80^01 1 I » I 3 4), 

This compound ciystallises from benzene in thin diamond-shaped plates, {010} being 
the dominant form 

System Monosymmett ic 

Axial ratios a b c» 0 5668 1 0 6632 /2 « 85“ 42' 

Forms observed 6{010}, r{T01}, o{lll} 



156 Prof. Armstrong and Messrs. Colgate and Bodd. 


Angle 

! 

No of 

observational | 

1 

Limits 

1 

1 

1 

1 

Mam 

i 

1 

1 CUeubtad 

! 

Ill 

111 1 

n 1 

46° 

86'— 4r 

2' 

46“ 

48' 


111 

010 

17 1 

66 

69— 87 

10 

66 

38 

66® 

86' 

110 

no 

H 1 

61 

12«- 61 

52 

61 

81 



110 

lOlO 

6 

68 

50— 60 

37 

60 

10 

60 

14 

110 

111 

2 

42 

60— 42 

65 

42 

68 



111 

no 

2 

187 

1 —187 

4 

137 

S 

187 

7 

loi 

110 

4 

61 

5— 61 

14 

61 

8 

51 

26 

101 

111 

! 2 

88 

68— 88 

64 1 

88 

68| 

88 

40 

no 

in 

4 ! 

' 1 

! 108 

87 —108 

66 

106 

49 ' 

108 

2 


Nos. 28-^ are aeparately deecribed hy Mr« Mummerj^ i» a communicatiioa to the 
diemical Society 

31 IhbromobenMimulphoehlortde (80^1 Br Br » 1 2 6) 

Thu aubstanoe oryatalliaea in rectangular plates or long prums. 

System Monosymmetnc 

Axial ratios a 6 * o » 2 1688 1 1 0006 /3 « 78* 10' 

Ponna present a{100}, c{001}, 9'{011}» ^{101}^ <^{11 If 


Angle 

No of 
observations 

Limits 

Mean 

Oaloulated 

001 

on 

43 

er 

80'— «• 

68' 

er 

46' 


loo 

on 

18 

84 

17—84 

40 

84 

80 


001 

101 

6 

45 

48—48 

81 

46 

18 


100 

101 

6 

65 

8-66 

44 

66 

28 

66® 

OS' 

on 

101 

7 

70 

88—71 

0 

70 

60 

70 

68 

loo 

001 

11 

78 

0—78 

84 

78 

17 

78 

10 

100 

ni 

2 

68 

20 —68 

48 

68 

88 

68 

87 

on 

111 

1 


■ 


41 

66 

41 

58 

111 

101 

1 


— — 


40 

88 

40 

61 

in 

on 

1 




68 

58 

60 

16 


32 IhiMori^mizmienUphobroimeh (S0,Br Cl Oi » 1 2 4) 

Tina separates from a mixture of benzene and petroleum in anorthio tablets, the most 
prominent form being the pmaooid a{100} 

Found Cl+Br 62*0 per cent C«H3Cls802Br requires 62 per cent 

Sulphobromine, 27*66 per cent CoHiOlfSOiBr requires 27 68 per cent 
System Aiiorthic 

Axial ratios a 6 o - 0 68416 1 0*70742 a - 86* 27', fi » 80* 33', y « 64* 82'. 
Forms present a{100}, b{0l0}, c{001}, «a{ll0}, o{lIl}» <^102) 



Mo^hohgioal Studies of Benzene Denvatteee. 
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■Angle 

No of 
obaemtiont 


Limits 


Mean 

Calculated 

001 102 

1 

25 

1 

38*’ 

12'— 88° 88' 

28° 24' 

28° Sttt' 

100 102 

20 

46 

18x-48 

67 

48 

20i 

48 

27 

100 001 

60 1 

66 

48—87 

31 

87 


- 

- 

001 111 

102 ' 

64 

17 —66 

7 

64 

48 

- 

- 

010 001 ’ 

91 

84 

11 —85 

8 

64 

34 

- 

- 

111 102 

27 

86 

1—85 

84 

36 

16 

- 

- 

100 111 

66 

61 

45—52 

26 

62 


- 

- 

010 102 

26 

64 

3—64 

80 

64 

17 

64 

16 

100 010 

40 

64 

20—64 

44 

64 

88} 

64 

25} 

010 • HI 

85 

93 

41 -94 

82 

94 

1 

94 

6} 

010 IlO 

11 

80 

46—81 

33 

81 

3 

81 

11 

loo TIO 

11 

44 

14 —44 

84 

44 

24} 

44 

23} 

IlO HI 

2 

, 36 

16 —86 

17 

36 

16} 

86 

28 

001 IlO 

2 


— 


88 

62 

88 

40 









- 


33 BromacAlorobenzenmdpkocMoride (SO^Ul Br Cl » 1 3 6) 

Measuroable crystals ore obtained from benzene with some difficulty in the form of 
monosymmetnc tablets (cf fig 26} The crystals are generally obtained in fragments on 
account of tlie tendency for several to grow together 
System Monosymmetnc (Pseudocubic) 

Axial ratios u b 13622 1 2^367 /9 » 69’ 8^' 

Forms observed c{00l}, r{101}, o{ll 1}, wflll} 


Angle 

No of 
observations 


Limits 


Heui 

Calculated 

■ ■ 1 

101 1 HI 

60 

74'* 

28'— 7«° 

40' 



001 1 111 

87 

6S 

84—69 

11 

68 62 


101 001 

80 

66 

24—66 

6 

66 40i 

— 

101 1 111 

20 

47 

38—48 

80 

48 18 


111 HI 

9 

82 

28 —82 

68 

82 41 

88 45 

001 111 

9 

67 

84—08 

8 

67 68 

67 69 

111 111 

0 

83 

6—84 

38 

88 88 

88 87 

111 1 HI 

8 

48 

2—43 

4 

43 8 

1 

48 9 



Fio, 20»— 33 BromoohlorobemGeaesulphoothloride. 

34, Mfwnobmtmuiulpboebiar^ (SOfii Br . Br » 1 3 6). 

This compound crystallises from bensene or acetone m well formed ootahedra. 
Crystals obtained from acetone or ether were sometimes found vt> be strongly pyroelectric 
but BO hemimorphism could be detected m the mystals. 
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The habit of tho erystalB u variablo {cf hg S6) The UHuaJ combination in a{100}, 
o{in}t />{010}, in addition w{Tn} tsometimefl appeai-a and HiipproaHOB a(100}, the 
form {111} la alwa>K very [loorly deveJoped NoYlefinite cleavage waa detected 
System Monosymmetnc (paeudocubic) 

Axial raUoa a h 0696 I 0 4951 ^ 90' 57 ' 


Angle 

No of 
obsorTationi 


Liirntfl 


Mean 

Calculated 

210 

210 

18 

55 

49' 

86“ 

34' 

66” 

10' 



100 

210 

42 

27 

44 

- 28 

88 

28 

»i 

28^ 

8 

111 

111 

25 

47 

44 

48 

27 

48 

7 

- 

- 

111 

III 

28 

Itil 

28 

132 

20 

181 

58 

131 

53 

111 

010 

11 

66 

89 

- 66 

15 

66 

67 

66 

60i 

100 

111 

21 

m 

25 

-- 67 

H 

66 

45 

- 

- 

111 

TU 

6 

44 

24 

- 45 


44 

44 

45 

4 

111 

loo 

! 2 

08 

25 

68 

44 

68 

.34 

68 

1] 

210 

111 

15 

67 

7 

-- 67 

4fi 1 

57 

22 

67 

18 

111 

210 

1 

122 

13 

—123 

0 

122 

40 

122 

42 

210 

in 

10 j 

80 

49 

- 81 

25 

61 

0 

1 

2 

111 

210 

10 

OK 

84 

- 99 

28 

08 

56 

98 

58 

m 

III ' 

4 

48 

20 

— 40 

8 

48 

41 

1 48 

40 

in 

111 

4 

67 

40 

- 68 

Hi 

67 

60 

1 68 

15 

010 

111 

3 

66 

80 

— 65 

56 I 

66 

41 

65 

41 



Fia 26 —34 Dibromobenxenesulphochlonde Fig 27 —86 Beuzeneorthuduulphochloride* 
35 Tclmneparoi^djAochlcride SOsCl) 

Otto, who has already measured this componnd,'^ gives no indication of the degree of 
accuracy of his measurcmentH , the axial ratios he deduced are 

h c» 07682 1 1 1139 
a- 97* 24', /5«117* 6', y « 84' 28' 

The crystals we liave measured were deposited from benxene 
System Anortbic 

Axial ratios o 5 , c 0 7669 1 1*1251 


a = 96* 44', /9 = 116' 44', y « 64* 28' 
Forms pinseut a{100}, 5{010}, r{001}, m{110}, ^{OlT}, <KllT}. 
There is a perfect cleavage parallel to 5(010}. 

♦ ‘Ber/ vol 19, p. 1832. 
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Angle 1 

1 

No of 
obsorTatioiw 

1 Tamit« 

Meafi 

OalouUted 

OJO 

110 i 

11 

! 5r 

8' 

- sr 

87' 

67“ 

20' 



110 

100 

8 

1 85 

17 

— 36 

48 

86 

28 

35“ 

28' 

010 

100 

19 

1 02 

81- 

- 08 

2 1 

1 92 

48 

— 

- 

100 

olo 

18 

87 

0 

- 87 

87 

87 

12 

87 

12 

010 1 

llll 

6 

I 67 

25 

— 57 

60 ; 

67 

86 

67 

88 

111 

OTO 

5 

122 

10 

122 

26 

122 

26 

122 

22 

001 

010 

20 

84 

47 

- 86 

31 

86 

14 


- 

010 

OlT 

H 

i ^ 

62 

47 

14 

47 

3 

47 

6 

oiT 

oor 

7 

1 47 

87 

- 47 

67 

47 

44 

47 

41 

010 

ool 

17 

04 

27 

96 

11 

04 

46 

04 

46 

<J01 

100 

13 

63 

83 

63 

64 

68 

41 

68 

40 

100 

OOT 

14 

' 116 

7 

116 

80 

116 

20 


- 

OOi 

110 

6 

64 

52 

— 06 

18 

66 

6 

65 

2 

110 

m 

' 8 

84 

26 

— 84 

62 

84 

36 

84 

85 

001 

111 

1 

00 

21 

- 90 

61 

90 

87 1 

— 

_ 

m 

OOT 

« : 

SO 

18 

80 

37 

80 

25 

80 

23 


36 Befuen i^orthodimlphochlondey ( S02CI)j 
Good crystals ^ere deposited from tlie solution lu lienzcne The habit is ramble , 
sometimes the crystals are flat and tabular in form, growing on {010} at others, long 
pnams elongated in the dnection of the t axis (fig 27) 

Tliere IS a good cleavage parallel to &{010} 


System Monosyiniuetru 

Axial ratios a b < I 5066 1 0 8*061 0' 


FoiiUM present 

«{ioo}, iHoioi, wwi}, /Hioi}. 



Angle 

, No of 

obaervationH 

1 


Limit H 


1 Mean 

1 

Calculated 

100 110 

19 

; m 

21' 5rt' 

82' 

66^ 

25' 


110 010 

10 

88 

26— J8 

89 

83 

94 

88" 84' 

100 010 

18 

' 80 

66 - 90 

5 

00 

0 

00 () 

loi 111 

18 

37 

41-88 

7 

87 

51 

87 61 

111 010 

21 

1 61 

69 - 62 

25 

52 

0 


loi 010 

l ! 

80 

47— 90 

12 

90 

0 i 

1 90 0 

loo loi 

1 9 

69 

0— 69 

6 

69 

8 

— 

101 101 

10 

02 

4 02 

9 

62 

7 

68 8 

101 1 100 

1 18 

68 

47— 68 

62 

68 

49 

68 64 

loo 111 

2 


06“ O' 


66 

0 

66 2 

111 100 

2 


114 0 


1X4 

0 

1X3 68 

101 111 

9 1 

68“ 

ir— 68* 21 ' 

68 

16 

68 17 

III loi 

2 1 

111 

80— in 

49 1 

111 

44 

lU 43 


37* C^H^SO^Cl^ 

System. Mono^inmetnc 

Axial ratios a,h r»0804 1 0586 j9 =« 66' 5' 

Foma observed a{100}, 5{010}, m{110},-g{011}, o{lll}, r{T01} 


* n. 0 Qale, cf Otto, ^Ber.,’ vol 10, p. 2424 
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, 

I Angle 

< No of 
obserratioiu 

1 

Lmiitftr 

Mean 

Oaloolated 

1 010 

oil 

26 1 

1 48° 

48'- 

- 49“ 

66' 

49“ 

20' 

1 

, ^ 

14' 

010 

110 

17 

69 

12 - 

69 

62 

69 

40 

&9 

21 

100 

oil 

16 

88 

67- 

• 87 

22 

86 

67 

1 88 

66 

I oil : 

lOl} 

10 

81 

8- 

• 81 

68 

81 

32 

— 

* 

1 110 

100 

22 

29 

26- 

80 

66 

80 

19 

1 — 

- 

1 111 

100 

11 

40 

60- 

40 

65 

40 

42 1 

1 40 

48 

, oil 

111 

10 

46 

87- 

46 

86 

46 

7 

48 

IS 

I 100 

oil 

14 

1 

48 - 

98 

20 

98 

4 

- 


’ 100 

lOl 

4 

! 61 

4- 

' 61 

22 

61 

11 



100 

TOl 

6 

128 

42- 

129 

11 

128 

55 




38. MHtamtrobensenegulji^oehlor^ CsH4(N02) (SO^Cl) 

This compound mystalliaeB from a mixture of benzene and light petroleum in pruuns 
with truncated ends (dg 28). The forms observed were ^{011}, r{101}, p{121| 

and «{l21}. There is an indifferent deavage parallel to r(10I} 

Bystem Monosymmetnc 

Axial ratios • a b 1 1989 1 0 4269 ^ « 89'’ 23' 


obamaboni CWciul«t#d 


7»" «* - I 

too SO 100* SO' I 

77 ee — 1 
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88. BenammetadiBulphcnafmdejCfi^{^ (R.O Gale) 

Syitam * Ortboiiiomlnc. 

Axial ratioa a b 2 8086 1 0^767 


Formi obsenred ollOO), tf{001}, n{lfi0}, o{ni}, 1^121} 


Angle 

_ 

No of 
observations 


Limits 


Moan 

Oslculated 

100 

110 

24 

67** 

89' 

06* 

58' 

OS’ 

18' 

68* 

10' 

110 

110 

18 

48 

4 

— 48 

64 

43 

2H 

— 

- 

100 

001 

18 

K9 

84 

00 

86 

HO 

68 

00 

0 

100 

111 

41 

78 

41 

-76 

8 

74 

26 

— 

- 

100 

811 

22 

49 

40 

- 60 

59 

60 

88 

60 

6 

811 

111 

16 

88 

16 

24 

60 

28 

62 

24 

20 

111 

in 

16 

82 

18 

80 

21 

80 

69 

81 

8 

811 

111 

IG 

i 

64 

2 

56 

1 

64 

63 

55 

1 

2H 


40 BefOAtoMpoiindm^ 

Thia compound was prepared from potassium benzenepai adisulphonate by the action 
of a mixture of phosphorus tn- and pentachlondes. 

After some trouble, good measurable crystals were obtained from benssene ; as a rule, 
the substance crystallises in foui -sided prisms, terminated, at each end, by a single faoe 
Such crystals do not give sufficient data for the determination of the axial ratios, but 
other fonus appear occasionally from which the necessary data may be derived {ef 
fig. 29). 

The compound is descnbed by Hollemann* as dimorphoim, the transition point being 
71 4* 0 Conclusive proof of the dimorphism of the subeianoe is obtained if a thin 
liquid film be allowed to cool slowly upon a microscope slide under a cover-shp The 
film first crystallises m a transparent form, showing good colour effisctB when viewed 
under the polarising microscope , m a few seconds, however, a change sweeps across 
It and it becomes opaque, the effect upon polarised light being then quite different 
Only one crystalline form has been isolated 

Bystem Monosymmetrio. 

Axial ratios a ft o « 1*2261 1 0*6242. /9 -> lOft** 85' 

No cleavage could be detected. 

Forms present m{]10}, r{101} , more rarely g{011}, s{T01}, a{\QO} 


Angle 

No of 
obeervations 

Ziiimts 

Mean 

Caloulsted 

no 

no 

14 

80° 

21' 

80° 

89' 

80® 

31' 



no 

Ilo 

12 

99 

18- 

-99 

42 

99 

m 

99° 

29' 

100 

no 

8 

49 

mi" 

50 

5 

49 

46 

49 

44i 

101 

on 

8 

88 

0-38 

16 

38 

6 

- 


on 

IlO 

6 

76 

88—7# 

52 

75 

47 

75 

51 

101 

no 

16 

65 

88-86 

25 

66 

8 

- 

— 

100 

101 

1 1 





51 

6 

51 

6 

101 

loi 

1 


■ ■ 


58 

0 

62 

56 

101 

on 

4 1 

41 

46—41 

68 

41 

51 

41 

49ft 

oil 

no 

3 

57 

11—67 

16 

57 


57 

3^ 

no 

lOf 

4 

80 

*7— 81 

JO 

80 

57 

81 

0 

on 

oil 

2 

62 

1 

S2 

8 

62 

2 

62 

2 


* * Yersl Son. Akad van Wetensoh. Amsterdam,' 1806, p. 573. 
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41 Benscmparadtsidphobrmntde^ <.J„H 4 (S 026 r)g« 

At ordinary temperatures, thia oomponiicl orystaUiiM^H from benzene lu a highly labile 
foim but stable crystals are obtained if the solution be kept at 37’’ C 

Analysis Found 43 76 per cent bromine , theoretical 43 96 per cent 

System Oi thorhombic 

Axial ratios a 6 c — 2 '>064 1 1*0B90 

Forms piuaent a{lOO}, ^ (101), w{l 10}, n{2lO} 


' I > 


Angle 1 

No of 
ohsorvtttions 


LimiU 


Mean 

1 

Calculated 

100 101 1 

21 


1' 

«(>® 

B2' 

66' 

32' 

i 

1 

101 101 

8 

40 

aj 

17 

25 

1 46 

52 

4(»' 

6«' 

100 lOl 1 

15 

113 

18 -113 

62 

na 

81 

113 

28 

100 210 1 

28 1 

60 

66 

61 

46 

1 61 

20 


1 

100 1X0 

16 

«7 

61— 

27 

1 68 

14 

1 68 

10 1 

101 210 

h 

75 

28— 76 

48 

1 76 

1 

40 

1 76 

1 

37 1 

1 


42 Betui iMulpAantltde, SOj.NHC()Hg 

This compound has lieon measured by K Brugnatelh,* but as the data quoted by him 
were somewhat scant} , have again examined the compound 

System Tetragonal 

Axial latios a r = i 2 4324 

Habit Well foimed octahedra fmm acetone or ethylie acetate, consisting of the form 
{112}, the form {001} appearing as a truncation The form {111} was also observed 
Very massive crystals are frequently obtained (c/ tig 30) 

Brugiiatolh could detect no cleavage but we find that the crystals cleave {lerfectly 
parallel to c{001} A cleavage plate exhibits the figurt characteristic of an uniaxial 
crystal 


' Angle 

No of 

obf«ervationf» j 

LimiU 

Mean 

j 

Calculated \ 

! lU II2 

10 ! 

llif 2V 120° U' 1 

119° 42' 

119* 38' 

II2 112 

H ! 

60 2-61 U 

60 20 

00 22 

HI 113 


ja 24 14 26 

18 65 

la 69 

1 113 Il2 

14 ' 

74 69 75 44 

76 2a 

_ 

! 1l3 II3 

1 

' 14 1 

1 

104 14 -105 1 I 

104 86 . 

104 38 

1 

_ 


- 

i 


43 Bmzenettdphmortkoioluiduief SO^ NBLC^Hi CHq 

In the endeavour to obtain measurable crystals many solvents were tiied, including 
acetone, eth} he acetate, ether and chloroform ; the crystals bad a great tendency to 
twin and the faces were generally striated The best cryBUla were obtained from a 
mixture of acetone and ethyhc acetate (fig 31) 

Sybtem Orthorhombic. 

Axial ratios a h c ^0 7780 1 . 0 6910 

Habit : Flat plates are developed growing on {010} Other forms present are {110}, 
{Oil}, and {210} Faces veiy imperfect, espemaUy {010} Cleavage parallel to {010} 

* ‘ Zeit. Kryst Mm vol 30, p. 191 



Morphological Stvdies of Benzene Deznoaizves 


168 


Angle 

No of 
obterratione 

Limits 

Mean 

Oalenlated 

010 tio 

17 

61° 39' 

62° 46' 

52“ 7' 

1 

^ 1 

010 oil 

i 14 

69 0- 

- 69 60 

60 26 


‘ oil 210 1 

10 

15 69- 

- 16 46 

16 29 

icr 38' 

110 oa 1 

6 

71 8 

72 11 

71 48 

71 48 

ITO oil 

6 

107 35— lOS 48 

106 8 

1 _ 

108 12 

i 



44 Bmzeiiemdpfiopa/i aidmdtde^ CuH„ SOj NH CH, 

System Mouosytumotric 

Axial ratios a 6 c 1 5026 I 1 6260 ^ 06' 3' 

Habit Crystallises from acetotit m well-formed prisms (fig 32) 

Forms present <f{001}, 6{010}, r{1011, sfTOlj, w{210}, o{lU}, x{l21b 7/(323} 


Angle 


' Xo of 
I observatiotia 


LinutM 


Mean 


lOl 001 
001 101 
101 lOT 
lOl 328 
328 111 
111 * I2I 
I2I1OIO 
lOl 111 
lOl 010 
101 1 210 
210 111 
llIclOl 
001 111 
111 001 


10 

12 

9 

6 

4 

13 

10 

22 

11 

18 

10 

11 

2 

2 


68“ 

44'- 

64“ 

28' 

64“ 

2' 

40 

41 - 

47 

27 

47 

2 

78 

29 — 

79 

6 

’ 78 

47 

88 

49 — 

39 

18 

89 

8 

11 

19 — 

11 

8H 

11 

28 

16 

42 — 

17 

27 

37 

1 

21 

68 — 

22 

80 

22 

17 

50 

12 — 

60 

60 

60 

88 

89 

46 — 

00 

21 

00 

1 

40 

62 — 

50 

86 

60 

12 

82 

19 — 

88 

1 

82 

48 

96 

62 — 

07 

16 

97 

4 

68 

17 — 

68 

25 

68 

il 

in 

81 —111 

47 

111 

89 


Calculated 



64“ 12' ' 

46 60 
76 49 
30 6 

a 80 
17 4 

22 18 


00 0 

82 44 


I 

J 


06 18 
111 47 


46 

System . Monosymmetrio 

Axial ratios * a 6«o« 1*6424 1 0 8080, ^ » OOMl' 
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Habit Welbformed oiyatala separate from a solutiou in etb 7 lic aoetate but the fseea 
are frequently pitted The most prominent fa^ are the two of the form {100} and the 
four of the form {111} {101} and {110} always appear as triangular truncationa and 
{lOl} appears oocanonally (Ag 33) 

No deAnite cleavage could be detected* 


( 

1 

i Angle 

1 " 1 

1 No of 1 

observationB 

1 1 

r " 1 

lamiU 

Moan 

Calculated 

1 

1 

lOO 101 

16 1 

126“ 21'— 127“ O' 

126“ 41' 

1 126* 41' 

loo loi 

' 8 i 

66 40— 67 16 

66 66 

' 66 40 

loi 10] 


69 32— 69 48 

69 42 

1 59 61 

i 101 100 

16 

68 2— 68 66 

68 19 


1 111 III 

16 1 

78 62 — 79 26 

79 5 

1 — 

1 111 llT 

18 1 

1 100 86-101 21 

100 64 

100 65 

' loo Hi ! 

24 1 

1 72 8 — 72 87 

72 20 

1 — 

1 111 1 100 ! 

24 1 

I 107 26 -107 64 

107 40 

107 40 

. 100 no 1 

^ i 

! 66 84— 67 17 

66 65 

66 61 

' lOl 111 

1 6 j 

1 112 8] —112 46 

112 40 { 

112 47 

111 101 ' 

1 

^ i 

67 6— 67 81 

67 18 1 

67 U 

1 


46b Bmzenesulphonietasyltdtdet NH C|)H^(CH 3 Xi 

System Monosymmetric. 

Axial ratios a h o^07^1 1 13484 

Habit Crystallised from acetone m prisms, the aides of the ptisms oonsisting of the 
forms {010} and {012}, the form {lOl} being well developed at the prism ends (Ag 34). 

Forms present ^010}, «{I01}, jeK 012}, ojlll}, x{l21} and r{101}, the last form 
being always imperfectly developed 
There is an imperfect cleavage parallel to sflOl} 


Angle 

No of 
obeerrationB 


Limitii 


Mean 

Oalonlated 

010 

012 

26 

66* 

46'- 

66* 

44' 

66* 

14' 


012 

018 

9 

66 

67-^ 

- 67 

40 

67 

21 

er 


012 

OlS 

11 

112 

2- 

XU 

29 

112 

82 

112 

28 

010 

111 

16 

66 

33 

- 66 

18 

66 

61 

- 

111 

loi 

15 

88 

64- 

- 84 

82 

84 

6 

84 

9 

111 

I21 

4 

19 

10- 

- 19 

60 

19 

88 

19 

27 

010 

loi 

1 18 

89 

46- 

- 90 

28 

90 

0 

90 

0 

iOl 

012 

18 

70 

61- 

- 71 

34 

71 

18 

- 

012 

lOl 

11 

108 

26—109 

6 

106 

44 

106 

47 

101 

101 

1 


67* 

IV 


67 

11 

67 

1 

012 

111 

2 

64 

41— 66 

8 

64 

64 

64 

40 


47 C«H3.SOs.N^ 

System Monosysdmetric 

Axial ratios a b 17644 1 12844 101*56' 

Habit Ciystallises from acetone in beantiful prisms, elongated m the direotion of 
theeaxia 

Forms present a{100}, m{llO}, #{T01}, c{001}, o{Ill}, and ocoaaionally f{lOI}. 

No deAnite cleavage was detected. 
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Angle j 

No. of 
obMnrafcioiui 


LunitH 


Mean 

Calculated 

100 

1 

loi 

12 

68“ 

0' 

- 68® 

27' 

68" 

14' 

68* 

16' 

lOl: 

001 

12 

88 

34 

88 

64 

88 

41 

88 

40 

100 

001 

18 

101 

48 

—102 

4 

101 

66 

101 

66 

001 

101 

2 

80 

47 

— 80 

64 

80 

51 

30 

68 

101 

100 

2 

47 

6 

- 47 

11 

47 

8 

47 

11 

001 1 

ilOO 

16 

77 

58 

— 78 

11 

78 

4 

— 

- 

iol 

111 

20 

47 

81 

— 48 

8 

47 

47 

I *" 

III 

111 

20 

84 

16 

— 84 

34 

84 

26 

84 

25 

001 

111 

21 

68 

12 

— 68 

81 

68 

20 

68 

22 

111 

no 

j 24 

87 

24 

— 87 

60 

87 

80 

87 

85 

no 

OOl 

22 

88 

48 

-- 84 

18 

84 

8 


- 

110 

III 

4 

60 

80 

— 60 

60 

60 

43 

60 

41 

loo 

in 

28 

60 

87 

— 60 

7 

60 

66 

50 

66 

no 

no 

1 18 

60 

46 

— 60 

20 

60 

4 

60 

10 




Fxa. 38 —44 Benaenaialphoparatoluid»ie. Fia 33 —46. ToltteiiaiMnMulphBiiilid& 



Fia. 34. — 46 BnmBMttlphoawto- 
xj'lidide. 


Fto. 36.-46. TolataepuMulplumortho- 
tolnidid*. 
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48 TdiMnt‘}^rumlph4m€irthoi(^^^ CHtt CqH^ SO^ NH CflHi OH^ 

System Oi thot bombic 

Axial ratios a 6 /* » 0 7725 1 0 94u4 

Habit Crystal] ises beautifully fiom acetuiie oi ethylic acetate in masBiye tables 
(fig 35) 

Fonns present a{100}» />{010}, e{a01j, oilll}, t{121} 

There is a [lerfect cleavage parallel to 5{010} 


Angle 

No of 

' observations 

1 1 

1 

Lumta 


1" 

1 

Mean 

1 

Calculated 

1 

010 121 

1 

25 

1 30“ 

41'— 40“ 

W 

39“ 67' 

1 89“ 67' 

121 111 

1 28 

18 

67 —19 

46 

19 

13 

10 

13 

010 111 

28 

1 68 

48 69 

38 

59 

10 



111 111 

1 0 

1 61 

21 — Ul 

64 

61 

80 

61 

40 

100 111 

; 26 

1 48 

12—48 

40 

48 

26 

- 

- 

111 III 

1 

' 82 

69 - 88 

20 

88 

7 

88 

8 

001 111 

5 1 

1 66 

68 -67 

6 

67 

2 

66 

50 

111 llT 

^ I 

66 

49—66 

1 

65 

66 

66 

2 

100 nil 

1 8 1 

1 69 

09 60 

14 

60 

16 

60 

16 

121 T21 

1 


69“ 28' 


69 

28 

60 

80 

001 1 121 

17 

66“ 

37'— 60“ 

16' 

65 

66 

06 

67 

121 121 

6 

47 

62-48 

16 

48 

H 

48 

6 

_ 

' - 







_ 


49 Toluinepttrtwdp/ioparatolmdulef CH , C0H4 8O3.NH C0H4 CH3 

System Auorthic 

Axial ratios a b c^l 0526 1 0 9830 a «« 74" 52S jS «= 77" 3', y * 88" 25' 
Habit CrystaJhses well from a(^etone 111 massive tmiicatoci prisinn 
Forms present o{100}, 5{010}, o{001}, m{l 10}, o{ll 1} 

Cleavage good, parallel to c{001| 


Angle 

No of 
observations 


Limits 


Mean 

Calculated 

100 

Ilo 

8 

45“ 

J6' - 46^ 

48' 

46“ 

81' 

45“ 

44' 

no 

OIO 

8 

42 

18 42 


42 

30 

42 

23 

OTO 

no 

8 

43 

66 - 44 

38 

44 

14 

44 

9 

no 

100 

a 

47 

26 - - 48 

jt 

47 

49 

47 

44 

lou 

oio 

9 

87 

40-- 88 

21 

88 

7 



oio 

100 

9 

91 

31 - 92 

17 

91 

62 

01 

68 

loo 

loi 

18 

64 

48— 56 

46 

65 

12 


_ 

Too 

001 

12 

102 

46 108 

26 

108 

0 



101 

001 

15 

47 

24 47 

68 

47 

46 

47 

48 

001 

100 

12 

76 

28- 77 

80 

77 

0 

77 

0 

010 

III 

14 

67 

40- 68 

22 

68 

2 



OlO 

101 

14 

1 100 

44—101 

84 

101 

17 

-> - 


111 

loi 

12 

42 

68— 43 

38 

48 

18 

48 

15 

loi 

010 

9 

78 

32— 78 

64 

78 

41 

78 

48 

010 

001 

2 

105 

4—106 

13 1 

1 106 

8 

105 

11 

001 

010 

2 

74 

47— 74 

66 

1 74 

61 

74 

49 

110 

III 

6 1 

1 48 

8— 48 

85 

48 

15 

43 

18 

111 

001 


1 66 

18— 66 

30 1 

66 

24 

66 

82 

001 

110 

^ 1 

I 69 

i 

44- 70 

26 

70 

8 

70 

10 
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50 i90»£tfnen</JpAom^A^2ant^ui^0, C^Ha SO^ N(CH8).CoHa 
The axial ratios of this compound doflnoad by Bnignatelli*' aie 
a h c«-2 09e5 1 3 8618 j8 - 79" 45' 

System Monosymmetnc 

Axial ratios a h 6940 1 1 9302 fi ^ 100 15' 

Habit Crystallised from acetone iin massive colourless plates or prisms (fig 36) 
Brugnatelli grew his crystals from ethyhe acetate 
Forms present a{100}, <iOOl}, m{ll0}, s{201}, p{m), o{l 11}, Jtr^llT} 

Cleavage parallel to {001}, not veiy good 


Anglo 

No o) 

1 oiMorvationis 


LiniiU 


M<an 

1 

Gnleulsted 

1 

001 

Til ! 

30 

1 

(M5“ 

84'“6tl® 

53' , 

1 

, (W 

42' 


** — 

TU 

Tit) 

13 , 

36 

4»— 27 

8 ' 

‘ 3() 

64 

- 

1 

HO 

HI 

13 

35 

27—26 

46 

26 

34 

26' 

80' 

HI 

oul 

3H 1 

60 

39— bl 

H 

00 

53 

60 

64 

100 

110 

18 


13— fl» 

34 

60 

20 

— 

! 

110 

HO 

10 

41 

31 —41 

34 

41 

33 

41 

20 

OOl 1 

iSOl 

1 1 

61 

48-02 

10 

02 

0 

02 

9 

20T 

303 

1 5 1 

09 

0—69 

46 

60 

20 

69 

81 

301 

001 1 

! 6 1 

4N 

9—48 

46 

48 

24 

48 

20 

2CJj 

Hi 

1 2 1 

: 61 

53 63 

18 

62 

6 

62 

8 

111 

no 

' 4 

43 

65—44 

16 

44 

4 

44 

0 

HO 

aoi 

' 2 1 

73 

41 —73 

61 

1 78 

46 

73 

62 , 

Too 

III 

1 2 ! 

1 76 

JH— 75 

67 

1 76 

40 

76 

62 

111 

111 

< 2 

1 36 

61 —37 

20 

! 37 

6 

36 

49 

131 

1(X) 

' 2 

1 

67 

4—67 

0 

‘ 67 

6 

67 

19 

— 







— 

- 

- 





Fzq, 36. — 50. Benseuesulphomethylanilide Fio 37 — 53 Benzeneparadisalphanilide 

51 0eH4(S09.NH Fh)|. 

System Monosyxnmetno 

Axial ratios a 5 o » 0 407 1 0 772 jS » 86" 24' 

Forms obseived a{100}, 6{010}, m{no}, r{lQl}, s(roi}, o{Xll}, w{Ill} 


* * Zeit Kryst Min.,’ vol. 30, p 191 
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Anglo 


No of 
obaermtion* 


Limits 


Oaloiilated 


010 

no 

27 i 

61 ® 

27' 

-62“ 

41 ' 

100 

no 

21 ' 

87 

u— as 

25 

nil 

lOlO 

6 i 

60 

as— 67 

18 

101 

111 

18 1 

28 

26 

28 

44 

111 

010 

28 i 

07 

10- 

-68 

66 

loi 

111 

22 i 

21 

18 

-28 

17 

101 

TOI 

0 

66 

11 

-60 

13 

100 

101 

4 

69 

1—80 

10 

101 

Too 


64 

20 

56 

81 


62® 

2' 

' 62® 81' 

37 

60 

87 80 

66 

46 

*** 

28 

16 

28 16 

«7 

66 

1 

22 


28 6 

65 

38 1 



69 

24 

69 46 

64 

68 

64 41 


I 


The crystals did not give good reflections, the faces soon becoming dull owing to 
change into a stable form 

62 r^H 4 ( 80 a.NH 

Thu compound oiTstallises from acetone in rather massive prisms (Bg 87) 

System Monosymmetnc. 

Azud ratios a ^ o » 0 4646 1 0 1935 ^ = 03' 41^' 

Forms present 6{010}, r{101}, n{210}, 

There u a perfect cleavage parallel to {010} 


Angle 

No of 
obsorvafcioiu 

Limits 

Mean 

Oaloulated 

210 210 

18 

26' «'-2a“ 23' 

26* 69' 

26* S' 

210 010 

14 

76 28 - 77 86 

77 1 

76 67 

III 111 

16 

20 26 —20 67 

20 41 


111 010 

24 

79 9 —80 a 

79 88 

70 39i 

101 1 111 

21 

46 49 —46 80 

46 ^ 


III 910 

21 

68 82 -69 82 

68 664 i 


SlO loi 

22 

64 28—66 23 

64 ^ 

66 0 


AoetanUtdet 


Nos. 63^2 —These were prepared and measured by 0 T R Wilson One of the 
most interesting results of this work u the observation that butyranilide exuta in two 
forms-- an orthorhombic and a tetragonal— and that these may be caused to fab b over 
into one another reversibly by rawing or lowering the temperature, the change involving 
an alteration in the angles which may be followed on the goniometer , no other obvious 
change takes place in Ihe crystal. 

6a Proptonamhde crystallises from benzene in colourless thin plates or flattened 
needles, the dominant form being o{001} , other forms are a{100} and o{lll} 

System Orthorhombic. 

Azul ratios a b 1D426 1 « 2 1666 
There is a cleavage parallel to a{\00} 


Angle 

Observed 

Calculated 

001 111 

71® 34' 


100 111 

48 68 


ni 111 

82 7 

82" 4' 
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54 BiU^ramluU wm originallj measured by Otten,'*' who decicnbed it as tetragonal, 
a c «= 1 1 4836 IHie optical properties of the cryetals examnied by him, however, 
were anomaloun, aa tUev sometimeH indicated tetragonal, eoiue times orthorhombic 
symmetry 

This Iwhaviour is due to the fact that the compound is dimorphous , when crystallised 
at a temperature above li-lS** O , it separates in orthorhombic forms , if kept at 
a lower temperature these crystals slowly change into a tetragonal form, the change 
being aooompanied by the gradual equalisation of certain angles upon the crystal which 
are uneqiui] in the orthoihombic form but equal in the more highly symmetrical 
tetragonal form. The observations recorded in the following table are typical of many 
that were mode showing the passage from the orthorhombic to the tetragonal form, m 
which the two angles measured are the same — 


I 

1 

I 


Angle 



Jil 

111 1 

in 

) 

at 

days 

0 

76° 

1 

Ui' 

so'' 


48 

77 

JS ' 

79 

50 

66 i 

79 

40 

80 

1 1 

85 1 

79 

4^i 1 

79 

47 I 

i 


By crystallising the substance at loiver temperatures, 8-11 0, tetragonal crystals can 
be obtained which bec*onie orthorhombic when kept at higher temiieratures, although 
this change is slower than that in the opposite direction The changes can also bo 
followed by opticwl methods 

The most probable values of the axial ratios in the case of the orthorhombic form are 
a b r ^07221 1 06894 

These were calculated from the angles 

111 Til - 76" 20', 

111 111:^80" 40' 

The axial ratios of the tetragonal form are — 

a 6 0=3^06652 1 O'0662, 


or 

a c » 1 1 5033 



1 

Angle j 

No of obserrations | 

I 


Mean 

111 111 

j as 

79“ 86' 


65 Parahr<mofima!BB,ide forma large colourless crystals from solution in alcohol, 
acetone or ethybo acetate 

System, Orthorhombic. 

Axial ratios . a 5 c ^ 1*1028 1 ' 1 4100 

Forms observed a{100^ 5{010}, c{001), o(lll} and rarely «{112} 

The dominant form is {111} 


VOL. xa— A 


♦ *Zeit Kzyst. Mm./ vol 17, p. 391. 
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A very pel feet cleavage was observed parallel to a{100} The optic axial plaue ui 
parallel to c{001} , the optic axial angle is large, the obtuse bisectrix 1>eing perpendicular 
tooflOO} 


Angle 

No of 
obserratioxu 

010 in 

14 

HI 001 

19 

111 111 

9 

11^ (xn 

, 9 

nx iTi 

' 10 

in 112 

6 


XjuniCfl 


48® 50'— 49^ lO* I 

Ul 65 ~A2 86 I 

64 85 -55 .<12 

48 88 -43 44 ' 

81 43 —83 41 ' 

18 30—18 68 I 


Mean 

Oaloulated 

4K“ 

69' 



02 

201 1 

i — 

- 

65 

17 

66*^ 

19' 

43 

38 1 

1 43 

894 

82 

1 1 

1 82 

2 

18 

40 1 

1 16 

41 


Propylaoetandide is doscribed by Duparc and Le Royei'* as monosymnietric, 
a h c^\ 3264 1 « ^ 3=. lOl" 36' 

If, however, the form {001} be taken as {103}, the angle becomes OO"", and it may 
then bo regarded as pseudo-orthorhombic, the axial ratios being 

a b c = 13264 1 06410 

The substance then falls into line with its homologues, which are orthorhombu 


06 Parahrcmaceiandtde has been described by MUggef and by Panebianco^ as mono- 
symmetric. Crystals weie obtained from acetic acid solution, which were undoubtedly 
orthorhombic 

The dominant forms present were cr{100} and oflll}* 

System Orthorhombic 

Axial ratios a 0 e » 1 3904 1 0 7169 

Forms present. a{100}, 0(010}, e{001}, ni{nO}, n{210}, r{l0l}, ^{Oll}, j9{301}, 
o{Ul) 

A good cleavage was observed parallel to p{dOl} and an imperfect one parallel to 
«i{100} The optic axial plane u parallel to 0(010} 


Angle 

No of 
ohserfatiOttB 


Limits 


Mean 

Calottlatad 

100 

no 

20 

63® 

47'— 64® 

82' 

64® 

164' 

_ 

100 

in 

27 

67 

6-87 

26 

67 

17 

— 

oil 

in 

26 

22 

81—22 

56 

22 

42 

22^ 

48' 

110 

111 

18 

48 

22—48 

40 

48 

86 

48 

86 

no 

010 

10 

86 

26—86 

10 

86 

42 

86 

481 

111 

101 

10 

82 

10—82 

40 

82 

88 

32 

29 

in 

in 

7 

62 

82—88 

11 

82 

48 

82 

60 

100 

101 

® 1 

1 62 

29—62 

68 

62 

42 

68 

45 

100 

301 

4 1 

82 

20—88 

8 

82 

40 

88 

56 

100 

210 

4 , 

84 

81-85 

1 

84 

47 

84 

46 

on 

no 

6 1 

61 

86—61 

64 

61 

48 

61 

48 

in 

301 

4 

' 42 

48—48 

10 

48 

1 

42 

58 


* ‘Bull Sor Franc de Miner ,’vol 14, p 64(1891) 
t ‘Zeit Kryst. Mm vol 4, p 336 
{ ‘ Zeit Kryst Mui vol 4, p 393 
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AT PimilHvnu^pi^op^onm Boparatea from solution in etliylic acetate lu large 
Golourleaa cryatala. 

System Orthorhombu 

Axial ratiOB a h 04466 1 0 8948 

Forms observed ee{100}, 6{010}, ^{011} 

There u a fair cleavage parallel to a{100} The optic axial plane is parallel to c{001} , 
the optic axial angle ih largo and the a axis the acute bisectrix 


1 

Angle 1 

1 

No of 

observations \ 


Limiitt 


Mean j 

1 Calculated 

100 110 

1 1 

^ 1 

28’ 

66'— 24" 

20' 

' 84' 4' 

r " "1- 

110 oil 1 

1 JO I 

74 

4-74 

83 

74 18i 

1 

010 oil 

27 ! 

47 

56—48 

8S 

48 ni 

48' lOi' 

oil on 

18 

88 

10—83 

64 

88 37 1 

88 88 

010 110 

18 i 

1 

65 

21 -66 

24 

66 68 

66 66 


68 p€tralirQnyomethyl<MetaiihU^ separates in largo colourless crystals from alcohol, 
acetone or ethylic acetate The forms <.{001} and in{llO} are generally about 

equally developed r{101} and ^{011} do not alwavs appeal 
System Monosymmetnc 

Axial ratios a h e^l 5546 1 0*9719. ^ ^ 109“ 5.r 
Foi ms observed oe{100}, c{001}, m{ 1 10}, r{] 01}, ^{01 1 } 

Theie is a very perfect cleavage parallel to c;{001} The plane of symmetry is the 
optic axial plane 


Angle 

i No of 

observations 


Lmiits 

4 

Mean 

Calculated 

100 no 

40 

66’ 

19'— 56* 67' 

56' 89' 

_ 

001 no 

36 

78 

49—70 

2 

78 67 

— 

101 100 

29 

44 

3 -44 

41 

44 lei 

— 

100 001 1 

28 i 

70 

0—70 

22 

70 7 

70’ 9' 

001 on 

19 1 

42 

7—48 

58 

42 88 

42 26 

1 


69 2 4 Chlcrobr<mioi^etamivde (S S Napper). — It separates from solntion m acetone or 
ethylic acetate m colourless monosymmetrio crystals in which a{100} is the dominant 
form. 


System ; Monosymmetnc 

Axial ratios a 6 c »= 0 6144 1 0 6722. fi « 76'* 65' 


Forms observed (»{100}, 9a{il0}, g{011} 

There is a perfect cleavage parallel to ^{100} The optic axial plane is perpendicular to 
tlie plane of symmetry and the double refraction is negative 


Anglo 


No of 
observations 


Limits 


Mean 


Oaloulated 










, 

no 

on 

51 

_ 

00“ 

88'— 60* 

69' 

aop 

444 

- i 

100 

110 ' 

66 

32 

48—83 

29 

88 

12 

1 

on 

oil 1 

44 

76 

86—77 

14 

78 

63 

— 1 

100 

oil I 

48 

79 

33—80 

18 

79 

61 

70* 4tr 

on 

no 

47 

1 

78 

1 

3X-79 

13 

78 

68 

78 86 j 
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00 2 4 Br<moc}dtiTai^etanihd(i may be crjBt»llued from eithei acetone or ethyho 
acetate 

^yfitein MonoBymmetric 

Axial ratios a h ^ = 08214 1 0 7074 a = 77® 40', 

Forms obsei^ved a{100}, 110}, ^{01 1 } 

The cleavage and optical properties are the same as for 2 4 chlorobromacetanilide 


Angle 

No of 
obBerrations 


liiiruts 


Hean 

1 

Gilculated 

on Oil 

41 


4' 77'=* 

48' 

77“ 30i' 


joo no 

54 

1 34 

18—84 

67 

84 19 

- 

no on 

32 

1 60 

21 —60 

54 

60 3] 


on no 

29 

! 77 

6—77 

25 

77 19 

77“ 18' 

100 on 

26 

j 80 

8 -80 

68 

80 80 

80 28 


01 ParachU^wetanifide has been desciilied by Fels^ since the muusurements here 
recorded were completed Good crystals, belonging to the hemimorphic orthoihombic 
system, are obtained from solutions in ethylic acetate, acetic acid, or chloroform The 

dominant foiins aio a{100} and 6j010} , frequently {110} and {210} do not appeal Tlie 

observation of Fels that the forms {101} and {111} appear at both ends of the e axis has 
not been confirmed, the former being found only at the positive end and the latter at 
the negative The crystals are strongly pyiuelectnc 
System Orthorhombic hemimorphic 
Axial ratios a h c = 1 3263 0 6804 

Forms observed a{100}, />{010}, fn{110}, «{210}, #{101}, o{lll} 

There are cleavages parallel to {100} and {001} 


Angle 

No of 
ohaervaiiotui 


Limits 

- 

Mean 

Calculated 

Fels 

111 

010 

22 

68“ 

27' 

69“ 

0' 

68° 

49' 



68“ 

87" 

210 

010 

28 

66 

12 

—60 

46 

66 

27 


- 

66 

17 

210 

100 

16 

38 

18 

—38 

58 

88 

86 

88° 

as' 

38 

48 

010 

no 

8 

86 

47 

- 87 

11 

87 

1 

87 

1 

80 

60| 

210 

no 

11 

19 

3 

—19 

28 

19 

141 

19 

26 

19 

m 

111 

no 

2 


— 


40 

80 

49 

84i 

- - - 

111 

III 

7 

62 

17 

—62 

89 

62 

27 

62 

22 

62 

46 

100 

101 

6 

62 

82 

—68 

18 

62 

68 

62 

60 

62 

4fi| 

210 

2X0 

13 

66 

68—67 

37 

67 

10 

1 

67 

C 

67 

26 


62 Parahrometk^lac^ndide separates from carbon bisulphide solution in otwge 
coloured crystals 

System Monosymmetric. 

Axial ratios a h e- 14063 1 15686 ^«96*35'. 

Forms present oflOO), o{001}, tti{110}f p{I02} 

There is a good cleavage parallel to c{001} 


** *Zeit Kryst Mm,'voL 32, p 386 
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Angle 

No. of 
observations 

lamita 

Mosn 

Okhmlated 

loo 101 

22 

44* 10'— 44* 68' 

44* 21' 


100 110 

14 

64 10--64 40 

6i 27 



lOliOOl 

0 

61 6--61 24 

61 14 


001 108 

7 

80 18—30 44 

30 28 

80P 24i' 

loa t loi 

6 

19 66--20 7 

20 1 

10 494 

100 001 

17 

84 14 —84 44 

84 24i 

84 26 
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[My thanks are due to all those who have aaaiated me At the commencement of the 
mquiry 1 was particularly indebted to my assistant, Mr W. T Qidden, who commenced 
the study of the para-compounds , he was followed by Mr E G Jee, who earned 
out a moat valuable and comprehensive senes of observations m the meta-aeries, 
Mr H Harding undertook the study of the ortho-compounds , Mr Wilaon, Mr Napper, 
Mr, Gale, Mr Buneoklea and others gave valuable asaiatonce at later stages But had 
it not been for the skill displayed by Messrs Colgate and Bodd aud their devotion to 
the work, it would have been impossible to have advanced the inquuy to its present 
stago I venture to hope that this memoir may, in some measure, be regarded by 
ohemuta as a justification of crystallography and as a proof that the subject is one 
worthy to be ranked as a necesaary element m their course of training In arranging 
the course of study at the City and Guilds College in 1884-6, 1 had the conviction that 
the subject was of importance to dienusts and experience has shown not on^ that 
It can be mastered by students of fur average intelligence but tliat the discipline the 
study affords is of great value. The success achieved has been due, however, in the 
main, to the free and judimoua manner m which Mr (now Sir) H A Miars, 
Prof. Pope and finally l)r Lowry have given the instruction — H E A ] 
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Ttks Origin of Thermal loftMaUon from Carbon. 

By 0 W Biohabdboh. M.A , D So , F B.S 

(Beceived November 25, 1913,-— iieiid Janiury 29, 1914 ) 

In the ‘Proceedings'* Dr J N l*ring descnbes interesting experiments 
designed to throw light on the ongin of thermal ionisation from carbon. 
These experiments form a contmuation of earlier experiments along similar 
lines by J N Fnng and A Parker f In commenting on the results of the 
earlier work. Dr Prmg says — 

“ It has been shown by the present writer, in conjunction with A Parker, 
that the ionisation which is produced by carbon at high temperatures, and 
m presence of gases at low pressures, is reduced to a much smaller order of 
magnitude by eliminating impurities from the carbon, and by exhausting 
to a high degree the contaimng vessel 

“ The results throw constdereMe doubt on Hhe whoU basis of the theory of 
fleetronw emission from incandescent solids 

" According to this theory,^ the ionisation produced by elements at high 
temperatures is due to the escape of free electrons, which pass into the 
surrounding space on account of the kmetio energy acquired at the h^h 
temperature ' 

" It was shown, however, in the above work that m the case of carbon 
this ionisation is probably related to some ekemieal action or some inter- 
mediate effect exerted by the yas in contact with the solieL" 

In the summary and oonclusions at the end of the later paper Dr. Pnng 
states: — 

“ It IS dear from these results that the thermal ionisation ordinarily observed 
with carbon is to be attmbnUed to ehemwal reaction between the eaibon and the 
surrounding gas 

*' While it IS difficult to prove definitely that there is no electronic 
emission from the heated carbon itself, is obvious that it is exceedingly 
small eompared with lomsation whuih eon be attributed to ordinary dumieal 
change " 

The object of the present note is to point out oertam conditions afifooting 
the arrangement of apparatus used by these authors which make it quite 
oertam, m the opimon of the present wnter, that none of the statements 

* ‘Boy Soc Proo A, vol 89, p. 344 (1913) 

t ‘Phil Mag,' vol 88, p 199(1918) 

Bichardaon, ‘PltiL Trans,’ 1908, A, vol 801, p. 497, ‘Phil Mag,’ 1918, voL 84 
Tip. 787-744 , bid , 1918, vol 86, p. 346 ” 
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italicised above can be regarded as a valid inference from the results of the 
experiments in question. In the discussion which follows, the numerical 
values refer to the apparatus figured in Dr Pnng’s paper in the ‘ Proceedings,’ 
although the objections apply with at least equal force to the arrangement 
used in the earlier expenments of Pring and Parker 
The apparatus used in these researches differs in two very important 
respects from that which has been employed by other workers m the same 
field. The size of the hot solid is very much greater than usual, and the 
current reqmred to heat it is correspondingly bigger Under these con- 
ditions the effect of the magnetic field arising from the heating curcent is 
qmte important, and when this is taken mto account the phenomena 
recorded can certamly not be said to contravene the requirements of the 
ordinary theory of eleotromc emission 

In the experiments under consideration a hollow carbon rod, 0 6 cm in 
diameter and 8 cm long, was the source of negative emission. To heat it to 
a temperature of 1850’’ a current of 80 amperes was required The leakage 
from the hot rod to a small disc, placed 8 cm. away from the rod in the 
equatonal plane, was measured Potential dififeiences up to 220 volts could 
be applied between the rod and the insulated disc 
The geometry of this arrangement is so complex that it is impossible to 
make definite numerical statements as to the distnbution of the electric 
intensity It wiU, however, be su&Boient for our purpose to consider a some- 
what similar system, in which the disc is replaced by a cylindrical conductmg 
surface coaxial with the hot rod The electric intensity is then radial and, at 
a dutanoe r from the axis, is, in electronu^etic umts, 

x,_ Vixl0» 
r (log 5— log a)’ 

where Vi is the potential difference in volts between the rod and the cylinder, 
a is the radius of the rod, and b the radius of the cylinder. The magnetic 
intensity H is in oii'cles about the axis and, at a radial distance equal to r, is 
given by the equation 

O.* 

( 2 ) 


( 1 ) 


ir 2» 
^ *10r’ 


where t is the current through the rod in amphres. 13ie motion of an electron 
startieg with sero velocity at the surface of the rod is in planes contammg 
the 0X18, under this system of foroes It is detemuned by the equations 

. 8 * 


and 


3*r , 


Be— H< 




Re 
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( 3 ) 

( 4 ) 
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These may be written 


and 
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thkx^ — 
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m iM the mass of an electron, z is the distance parallel to the axis 


VixlO* 
log J— logo’ 


and B 


t 

6 


( 7 ) 


From (6) 

if dz/dt as 0, when r » a 

After elimination of z from (5) by means of (8), the first integral of (5) is 
seen to be 


(5/ - <»> 


subject to 01 /Bt s 0, when r a= a. 

It follows from (9) that the maximum distance rm which an electron can 
travel away from the axis is given by 




( 10 ) 


In one of Dr. Priug’s experiments the values of the quantities entering into 
the exponent were, at 1850°, 


Via: 220, is 8, a» 025. and tmSO 


The value of e/m is 1 76 x 10^ electromagnetic units, so that even under the 
relatively fhvourable conditions contemplated, the maximum distance which 
an electron could travel from the axis would be 

Tm B 4 19 cm 


This distance increases rapidly as the heating current diminishes, so that 
when the heating current is 67 amperes the distance becomes about 62 cm., 
instead of 4 10 cm Thus, if the conditions which held dunng the experiment 
were exactly those contemplated in these calculations, the electrons would 
only be pi evented from reaching the electrode with the largest heating 
currents which were used 

But the actual conditions, in the experiments referred to, ate much less 
fevourable to the escape of electrons than those which we have assumed. The 
collecting electrode was of comparatively small sise, so that most of the 
potential fell would occur in its immediate neighbourhood and the eleotno 
field near the rod would be greatly weakened. Even so, the relatively strong 
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part of the field would be confined to the equatorial region , there would be 
very little near the ends. Moreover, the glass bulb would tend to acquire a 
negative charge, which would hdp to shield tiie rod from the field arisu^ 
from tile positively charged electrode Finally, any electron which found 
itself in the region oocupied by the relatively strong eleotirostatic field would 
quickly be defiected out of this region by the action of the magnetic field. 

Thus, in the experiments with the larger ourrents, none of the emitted 
electrons would be able to travel a distance from the axis equal to half the 
distance of the collecting electrode, and very few would be able to travel 
away a distance comparable with this. Even with the (^esumably) smaller 
beating currents employed at the lower temperatures, one cannot be certain 
that there ought to be any measurable leakage in these experiments ansmg 
from electrcmic emission Conclusions drawn from these calculations are 
vahd only at the very lowest pressures, when the amount of gas present is too 
small to affect eithei the nature of the ions or their motion 

It remains to consider whether it is necessary to attribute to ohemical 
action the ongin of the increased currents which ore observed when traces of 
different gases are present There are at least two ways m which the 
presence of a gaseous atmosphere would mfluenoe the number of ions 
collected by the positive electrode The first of these is by the mechanical 
interference of the molecules with the motion of the ions through mutual 
collisions This kind of effect would imdoubtedly produce a large morease in 
the current received if the pressure were increased by very considerable 
amounts , but one would hardly expect it to be important at pressures below 
O'OOS mm, where the mean free path of an electron is comparable with 
10 cm in the simpler gases The second way is by direct combination of the 
electrons with the molecules and atoms of the surroundmg gas This would 
result m the formation of ions possessmg masses of atomic magnitude and 
correspondingly smaller values of c/m These ions would not be deviated 
appreciably by the magnetic fields, but would follow the lines of electric 
force fSirly closely until they reached the positive electrode This explana> 
turn of the nature of the currents observed by Dr Pnng at very low 
pressures is supported by the order of comparative effimenoy of the different 
gases, as well as by the large specific effects produced by such small 
quantities of gas, T^ order is, in fact, very much the some os that found by 
Sir J. J. Thomson* for the relative frequency of occurrence of the corre- 
sponding negatively charged atoms and mdeeulss in the positive rays. 

It may be well to add that the ourrents at the higher temperatures cannot 
be due simply to tiie emission of eUetmu from the hot carbon under the 
* * Boy. Soc. Froe.,’ A, voL Wi p. 1 (1918)^ 
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influence of chemical action, unless the nature or motion of the emitted 
electrons is modified subsequently in soitie such way as that outbned. For 
the calculations given above have shown that such electrons would never 
leach the collecting electrode In any event if chemical action were the 
determinmg factor one would rather expect the effect of carbon dioxide to be 
of a different order from that of any of the other gases investigated 

It seems probable that chemical action does influence the phenomena 
undei consideration in another way, and that the number of heavy ions 
formed is determined by a reaction between the electrons hberated from the 
carbon and the products of the action of the surrounding gas on the hot 
carbon This is quite different from supposing that the electrons are emitted 
as a consequence of the action of the gases on the carbon It may be that 
there is an emission of electrons from carbon which is stimulated directly by 
chemical action, but there is, so far as the writer is able to judge, no 
experimental evidence at present which would compel ns to accept this as an 
established fact 

The most important conclusions which would seem to follow from the 
foregomg discussion are * — 

1. In those of the experiments in question in which heating currents in 
the neighbouxbixid of 80 amperes were employed, and temperatures in the 
neighbourhood of 1800° C or higher were attained, none of the electrons 
emitted by the carbon would reach the collecting electrode, at the lowest 
pressures 

2 Owing to the geometnoal arrangement of the apparatus, which does 
not lend itself to exact calculation, it u impossible to say what proportion 
of the emitted electrons would reach the electrode when the smaller heating 
currents were used, at low pressures, In any event, it cannot be said with 
certainty, judging from such data as are at present available, that the 
minimum currents observed by Bt Pnng at 1200° C are smaller than those 
which would be called for by the ordinary thermionic theory It is only 
the currents at the higher temperatures which seem definitely out of line, 
and the smallness of these is readily accounted for by the magnetio 
deflection 

B An increase of the observed currents with increasing gas pressure is 
to be expected on account of— 

(a) Tl\e interlerenoe of the gas molecules with the motion of the eleotnme , 
and 

(ft) The combination of the electrons with atoms and molecules of the 
gases. 
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The large specific effects produced by traces of difforent gases seem to 
indicate that (6) may be an important factor 
4 The ezpenments cannot be held either to prove that the enussioii of 
electrons from hot carbon is an immediate oonsequence oi ohemioal action 
Jietweon the carbon and the surrounding gases or to invalidate those 
theories which regard this effect as a physical property of the hot sohd. 


The Magnetic Properties of Iron when Shielded from the Earth's 

Magnetism. 

. By Ernest Wilson 

(Commumoatod by Prof J A Fleming, F B S Received January 10, — 
Bend February 26, 1914 ) 

The pnmsTy object of the experiments described in this paper is to examme 
the magnetic properties of iron under small magnetic forces when shielded 
from the earth’s inagnetisiu In a previous paper* experiments were described 
111 which these magnetic properties were exammed at low forces, and 
hysteresis loops obtamed at maximum values of the magnetic mduction as 
low as 0 937. The specimen, wluch was of the same matenal as used m 
the present expeiiments, was exposed to the infiuenoe of the earth’s 
magnetism, and it is this influence which has now been removed as far as 
possible. 

The specimen is of nng form and is built up to an axial length of 38*8 cm. 
of stampmgs of an alloy of iron known as “Stalloy,” containing 3 per 
cent of silicon. The internal and external diameters of each stamping are 
7 6 and 12 76 cm respectively, and the thickness vanes from 0 34 to 0 14 cm 
The secondary wmding is next to the stampings and has 177 turns of copper 
wire 0 81 mm diameter insulated by cotton impregnated with paraffin 
The primary or magnetising winding lias 10 turns of copper stnp 19 mm 
wide and 0*13 mm thick covered with insulating tape 

The shield is built up to a length of 47 cm of stampings of transformer 
iron 0*62 mm thick The internal and external dumeters of each stampmg 
are 80 5 and 40 6 cm. respectively. At each end are discs of soft iron 40*6 cm 
diameter which together with two square end plates make up an overall 
length of 66 cm. The shield is firmly clamped four bolts passii^ through 
* 'Boy Soe. Froo.,’ A, vol 80, p. 648 (1608) 
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the end platea. For the insertion of the primary and seocmdaiy wmdu^ a 
few of the stampings nearest to the end duos have a sm a ll piece cat away 
so as to form a narrow opening into the shield. 

The specimen u supported symmetnoally within the shield sad their 
common axu is placed at right angles to the magnetic mendiaa ■ 

Throughout the expenments the ballutu galvanometer has been used 
When it was desired to demagnetise the specimen, an alternator was used 
whose wave-form is a smooth curve having a maximuin ordinate somewhat 
larger than that of an equivalent sine curve, and the current was gradually 
reduced by variation of resistance until it was of the order 4 x 10~* ampere, 
the alternator being finally allowed to come to rest with its excitation left on 

In Table I will be found, for the respective expenments which are numbered, 
the magnetic induction B and m some cases the permeabihty corresponding 
to the given force H In Table II will be found the figures obtained at the 
higher forces. In Table III will be fotmd the results obtamed from the 
hysteresis loops. 

Prehminsry expenments were made when the specimen was mside the 
shield in the virgin state, that is to say, as received from the makers and 
in a demagnetised state, the maximum magnetic force impressed upon the 
specimen being 0 59 C.G S unit At this stage it was discovered that the 
insulation of the secondary winding was defective, and this threw a cntioism 
upon the expenments It is necessary to mention this because the previous 
magnetic history of the specimen is important, and the results will be 
alluded to later The specimen was re-wound, and the experiments made 
thereafter may be placed in the following order. 

Experiment 1 Siieoimen out of shield and exposed to the influence of the 
earth’s magnetism. Hysteresis loops obtained. 

Experiment 2 Specimen in shield Hysteresis loqpe obtained after careful 
demagnetisation from a force of 0 59 

Experiments 8, 4, 6, 6 Specimen in shield and ^owmg how high permea- 
bihty was produced 

Experiments 6, 7, 8 Specimen m shield and showing the effect onpermea- 
hhty of allowing it to rest in a highly magnetised state 

Expenments 9, 10, 11, 12*: Specimen in shield and showing the efbct of 
allowing it to rest in a less highly magnetised state. 

Expenments 13, 14, 15, 16, 17 . Specimen in shield and showing the efibct 
of allowing It to rest in a demagnetised condition 

Expenments 18, 19, 20* Specimen m shield. Hysteresis loops obtained 
after a moderate rest in demagnetised condition 
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I. PermeabUtitf. 

Expenments 1, 2 : Before placing the specimen m the ahield,Ezpenineiitl 
was made after demagnetisation from a force 0*3 at 52 complete periods per 
second For each of the forces mentioned m Table I a hysteresis loop was 
obtained, the details of which are given in Table III When m the shield 
the specimen was demagnetised from a force of 0*59, and Experiment 2 
was made Hysteresis loops were again obtained for the same forces as m 
Experiment 1 The permeability curves 1, 2, are plotted in iig 1, and 
correspond to Expenments 1, 2, respectively For companson, the curve 
of permeability obtained in the previous paper {loe ctf) is also plotted 
This curve is somewhat higher than m Experiment 1, and in this connec- 
tion it should be noted that the demagnetisation had been made from a 
much higher force than 0 59. Near the ongin it differs in shape from 
those obtained in Expenments 1, 2 

Experiments 3, 4, 5, €, on the production of high permealnhty * Up to this 
point it should be noted that the highest force ever applied to the 
specimen has been 0 59, and, at the close of Experiment 2, the specimen 
was left magnetised as the result of a force 0 0936, and eight days elapsed 
before further experiments were made At the end of this time a 
magnetising force of 0 8, due to a contmuous current, was apphed, reversed 
a few times, and removed Such a force as 0 8 apphed to a demagnetised 
specimen has, in ordinary magnetic testing, a degrading or polansmg effect, 
that 18 , the magnetic induction corresponding to a given smaller force is then 
lower than it would have been had the iron been m a demagnetised state 
ongmally * In the shield, however, the reverse is the case, the specimen 
having been previously exposed to the earth’s magnetism, and not sub- 
jected to so high a force as 0*8. A comparison of the figures obtained m 
Experiments 2 and 3, Table I, shows the increase in the permeabibty at tihe 
low forces. A companson of curves 2, 5, in fig 1 shows in the early stages 
how great is the increase m permeability caused carefully demagnetising 
the polarised specimen 

Expenment 6 was next made to investigate the effiaot on permeabiki^ at 
hi^er forces than those given in Table I. It is practically a continua- 
tion of Experiment 5 and the figures are given in Table II In fig 2 the 
curve 6 shows the result obtained, and, for the purpose of oompanson, 
the values of the permeabihty obtained in the earlier paper (toe. ett). A 
maximum permeability of 6*750 corresponding to a magnetio indnoti<m of 
5500 is mdicated, whereas the old expenments cm the undiielded but 

* * Boy. Boe, Ptoo.,' A, vol M, p. 1 (1900) 
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carefully demagnetised specimen show a maxunom of 4600 for a magnetic 
induction of 6000 In the case of a specimen of almost pure iron a perme- 
abihty of 5480, corresponding to a magnetic induction of 9100, was obtained,* 
and this is a high value. 

Experiments 6, 7, 8, deal with the effect of resting the specimen when m 
a magnetised condition Expenmeut 7 was made immediately after Experi- 



ment 6 was completed, that is without demagnetising the specimen, and in 
Expenment 6 the force was taken up to 1*8 The result shows how greatly 
the permeability is affected in the earlier stages by the application of tins 
previous force of 1 8 The specimen was agun polarised by a force of 1*8 
and left in this condition for about 18 hours. Expenment 8 was tben made 
* ‘Roy Soo Proe,’ voL p 8M. 
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and continued to the higher forces as before, and the figures are given in 
Table II Curve 8, fig 1, shows how greatly the permeabihty is reduced in 
the early stages, and Curve 8, fig 2, shows the later stages. It will 
be seen that for a lu^netic inductaon of 5500 a permeability of 5900 is 
obtained, and this is even greater than that shown by Experiment 6 
C'urves 6, 8, cross one another at an induction of about 3500, and coincide 
when the induction is about 10,000. The similanty of Curve 8 in fig 1 
with that taken from the earlier paper is mteresting. In the one case we 
have the specimen carefully demagnetised and exposed to the earth’s 
magnetism, in the other the specimen is polarised and shielded It is worthy 
of note that when in the polarised condition of Experiments 7, 8, careful 



demagnetisation is required to restore maximum permeability at Uie lower 
forces. 

Experiments 9, 10, 11, 12, show the effect of two periods of rest when the 
spemmeil is left polansed by the application of a force of 0 0936 It will 
be seen that when left the specimen tends to degrade itself or to expenenoe 
a fall of permeability in the earlier stages, but it gets into a fairly stable 
state after a long enough interval This will be apparent if Experiment 12 
be compared with Experiment 16 of the next section. 

Experiments IS, 14, 16, 16, 17, show the efibot of restmg in a carefully 
demagnetised condition for penods of 3, 18^, 48 hours and 13 days respeo* 
tively. The same (degrading) process is at work in the earlier stages, but 
after 48 hours’ rest ^e specimen is more stable. The contmnation of 
Experiment 17 is given in Table II. The points when plotted in fig. 2 


Table I — ^Permeabibty 


Prof. K Wilson. The Magnetio Properties of 


Ok 

tuoj} iiotitM(uidmuoii 

n 1 1 

I 

1 

1 

'O 

B 

CO 


jotjiMnou ft Piam»MI 





95 

oB 

* 

til “11 
nuu) iio|‘}M|i0tit«iudp 

m 1 1 

& 

3 

9 

I 

1 


Mnoq If n»iq« ni 








nMMI UO|)M(9»Ul^lIU^ 

«? * 

$ 

? 

a 


T 


ia4i« «iCfp ft viam* MI 

© o 

r-» 

r» 


S3 

3 


tuui} uo|iwi)Oumni»p 


is 


3 1 

tO 

5 


s s 







J1>4« MDoq g» U1 


■p 


? 





o o 


n 

iv 


3 


>IJf H 
miui nuifwuaulnnaap 

«i ? 

Q 

3 

3 

CD 

T 


j»t|« unoq Ibt piarqa u| 

o o 


n 

CD 

«S 

3 


tnoij iion«a|tatilnni9v 

1 § 

? 

9 

? 

tO 

CO 


j»)j« unoq p pidtqv uj 

O O 


eo 

Ok 

3 

3 

s 

inojj tio|4M|)«uy«iu 

S " 


? 

9 

w 



-dp 494)11 Pidfq* ui 

O O 


« 

Oi 

lo 

3 

94 

IMO 0»H 

9« id'll* 

? 

3S 

3 

9 

•? 



WQoq ^ pidfqa ni 

3 O 


CQ 

« 

3 

3 


T = n 

UMUJ ll.i|)Mq|91»*Uf 

;g £ 

? 

9 

9 

!<• 

CO 


■«p MIJV Pidiqi 111 

o o 


CO 

Ok 

w 

C" 

3 

s 

«0 0»* M 

uoifjMqjvioci i9t|v 

«? ? 

S 

$ 

a 

-4 

CD 


«qoq 81 pfotqt ii| 

o o 


CO 

«r 

3 

3 

di 

9 K“II 

U1(U| UO|4«t|49U8«Uf 

JJ 

9> 

9 

1 

? 

9 


-9p J84I* Piorqt UI 

o o 


fO 


3 

3 


» l*U 

9V UOnMIJVtod id)J« 

S i g 1 3 3 









■jnoq 81 p|dM|« uj 

pqS S* 


3 

$ 

tm 

•o 



o o 


« 

CO 

n 

s 



.i 3 i 

§ 

8 S § 

t- 

9* UOr^H^JVlMl 4941* 
Atofufj^aimi p|afq« uf 

.3 § 

$ 

9 

Ok 

T» 

« 





91 

CO 

3 

3 


mail uo|4«»i48iJUuJp 
M4|* anoq ft pisfqt m 

.5 1 

e 

? 

3 

c- 

CO 


o • 


«0 

Oft 

S3 

s 


iio)4«|4euAiuiap J 04 |« 
4:i94«nKiiniB| pi«|q« ui 

.S 8 S 

T 

i g ii 









,8 g 


9 

9 


ft* 



3 O 


CO 

» 

3 

3 


iTlfH 

mojl wqt*0|<49iilNrai 

-1 ^ 

a 

K 

1 


!• 


J94|« piapia HI 



CO 


3 

s 


8^0»n^«MOf^ 

.8 I 

a 

3 

9 

CO 

9 


M4}* viamavt 

• • 


CO 

*- 

3 

6 

ei 

« H 

mnjl von*m»iiJtaai 

.1 ! 

s 

9 

9 

f» 

•'e 


-»P »1J« Ml 



M 

<o 

9 

a 


9 0»H 
mail iioi4M|8»u9«m 

9^ f 8 

a 



9 


•op iov* ppiqi JO mo 

9 O 

t-t 

•* 

c* 


3 

i 

i 

]j oaioj 

opeuSau mnmivoK 

If 

1 

1 

1 

II 


1 . 

e « 

9 

e 

9 

e 

„• 1 



Irm when 8h%ddedjr<mh ike JBarth'g Magnetitm. 

Table II. — Permeability. 


165 


Experiment 6 oontinued 

Experiment 8 eontinued 

Expenment 17 oontmued 

Maximum 

Maximum 

Femieabilitj, 

Maximum 

1 

1 

Permeability, 

1 


Permeability, 

H 

B 

M 

H 

B 

/* 

H 

B* 


o-oeee 

110 

1100 

0 100 

68 2 

619 

0 118 

186 

1070 

0 188 

178 

1880 

0 140 

98 9 

706 

0 810 

884 

1480 

u«soe 

811 

1610 

0 208 

172 

827 

0 898 

687 

1840 

0*879 

881 

1870 

0-281 

884 

10X0 

0 486 

1810 

8010 

0 889 

767 

8880 

— 

— 

» 

0 688 

8600, 

4180 

0 411 

1190 

8900 

0^11 

848 

8060 

0 839 

4780 

6710 

0 486 

1600 

8460 

0 468 

1286 

8760 

1*18 

6480 

6690 

0 684 I 

2660 1 

1 4660 

0 688 

2660 

4860 

1 47 

7780 

6360 

0 780 1 

4810 

1 6680 

0 788 

4410 

6640 I 

1 74 

8510 

4890 

1 03 

6900 

1 6780 

1*03 

6080 

5860 




1 32 

! 7280 

1 6470 

1-81 

7810 

6610 




1 68 

7880 

' 6160 

, 1 68 

7910 

6800 




1 81 

8680 

1 4700 

1*80 

8660 

4810 





Table III — ^Hysteresis 


No, of 
Experi 
meiit 

Maximum 

H, 

Maximum 

B 

Ergs per 
lyole per 
oubio 

centimetre 

* Stemmets 
) index, 

8 

1 

Stemmetx 

ooniitont, 

a 

1 

*? 1 1 
*- 

CoeroiYe 

force, 

H,. 

Beeidual 

magnetic 

induotion, 

Bo 

1 

0*000499 

0 117 




286 




0*000840 

0 204 




240 




0 00166 

0 418 




246 




0*00480 

1 04 

0*0000190 

1 84 
2-08 

2 86 

8 10 

0*0000177 

0*00000774 

0*0000186 

0*0000396 

248 

0 000068 

0-018 


0*00848 

o-om 

2 16 

4*0 

0 0000728 
0*000601 

256 

274 

0*00018 

0 00071 

0-088 

0 18 


0*0486 

0 0985 

17*8 

41 8 

0*0166 

0*0074 

847 

441 

0*00417 

0*01 

1*47 

4 56 

8 

0*00168 

0 402 




276 




0*00480 

0 00648 
0*0170 

1 18 

2 44 

6 66 

0-0000176 
0 0000509* 
0 000801 1 

1 62 

8 80 

2 41 

2 04 

0*0000184 

0*0000080 

0*0000189 

0*0000419 

281 

289 

810 

0*000047 

0*00050 

0*016 

0 18 


0*0496 

19*6 

1 0*0181 

895 

0*0040 

1 47 


0*0986 

46*7 

1 0 102 

489 

0*010 

4 45 

18 and 

0 00168 

0 68 

0*0000810 

2 47 
3*00 

2 68 

2 18 

1 87 

0*00000608 

0 00000602 

0 0000108 
0*0000278 
0*0000702 

405 

0*000016 

0 0068 

19 

0*00480 

1*72 

0*0000806 

410 

0 000068 

0*088 


0*00848 

8 69 

0*000279 

426 

0*00081 

0 18 


1 0*0179 

8*98 

0 0089L 

498 

0*0014 

0*65 


1 0*0496 

86 4 

0*0688 

784 

0*0068 

4*0 


0*0986 

88*8 

1 

0 806 

944 

0*0188 

14*0 

80 « 

0-191 

887*0 

8 1 

2 01 
1*68 
1-67 


1240 

0*087 

47 4 


0*418 

1016*0 

89 5 


8480 

0*170 

464*0 


0-788 

IMO-O 

449*0 


6649 

0*898 

8160-0 


1-68 

6810*0 

1800*0 


6070 

0*681 

6180*0 


* It is probible that thU Tain* tor the em ii elightljr too email For 
irtlatactory ae it iliaiiUl he, h«fe it eovld not he mpeeied. 
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practically coincide with those of Curve 6 The rest of 18 days has pro- 
duced the most noticeable effect at the lowei forces 

26, 1914 — A rest of six weeks in a demagnetised 
condition shows no further duumution iii permeability than does the rest 
of 13 days ] 

II Hydeieni^ 

In the previous paper {loc, ext ) when the stalloy Hpcciineu was exposed to 
the earth's magnetism, it appeared that the Steinmets index increased from 
its ordifiary value of 1 7 to 2 69, when the magnetic induction reached the 
value of 0 94 The present expenments show that after demagnetisation in 
or out of the ^leld the value of the index nses to a maximum m the 
neighbourhood of a magnetic induction of 3 and then diminishes The 
preliminary expenments made when the specimen was in the virgin state 
bear out the same remark The shape of the loops is well worthy of study 
The loops in fig 3 are selected from those taken in Expenments 18 and 19, 



Fio Z, 


and it will be seen that as the mduction is reduced the shape is altered The 
character of loop 1, for instance, when the maximum induction is 88*3, is 
more like that of the loop with which one is famihar in orduiary testing, 
but It has Bides which for a short distance are practically parallel straight 
bnes. This is the beginuing of a pronounced alteration in shape Loop 2, 
fig. 3, shows this carried to a further stage Loop S is remarkable in that 
Its Bides are practically two parallel straight lines, and the index has nearly 
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passed its maximum value Beferenoe should be made to an interestuig 
paper on this subject by Dr W M Thornton* The Steinmetz equation 
IB that the ergs per cycle per cubic centimetre are equal to «B*, where 
« and /8 are constants and B is the impetus mduction The values of 
« and P are given in Table III As to what would be the values of the 
index /8 if the experiments could be earned further cannot be said at present. 

It should be mentioned that the coercive foroe has been taken from the 
point where the mean curve cuts the axis of H It is well known that at 
this point on the curve the magnetic lustabikty is such that tapping the 
specimen causes a change in the magnetic mduction When the force is 
vaned from a positive or negative maximum to zeio this instabihty in some 
oases asserts itself and would, if a mean curve were not drawn, mdicate a 
somewhat smaller coercive force. 

A few loops have been obtained as a continuation of Expenments 18 and 19 
at Idle higher forces when the specimen was in a demagnetised condition and 
after a rest in that condition of one and a half days The particulars are 
given in Table III, Expenment 20 By oompanng them with the figures 
obtained in the earlier paper it will be seen, for instance, that for a 
magnetic induction of 8200, the prgs per cycle per cubic centimetre are less 
when in the shield in the ratio 1300/1688, and the permeability is greater m 
the ratio 5070/3850 Tlie coercive force and the residual magnetic 
induction Bo are less 

The expenments throw light upon the early stages of the ordmaiy curve, 
which shows the relation between the coercive force and the intensity ot 
magnetisation , it resembles the curve connecting the functions H and B of 
magnetic matenals 

Conehmon 

Tbe experiments show that the earth’s magnetism may seriously affect the 
magnetisability of iron Comparing the results obtained in these expen- 
ments when stalloy (in nng form) is magnetised and then carefully demag- 
netised whilst shielded from the earth’s magnetism, with the results of 
similar expenments made on the same material in a carefully demagnetised 
condition but exposed to the earth’s magnetism, the ratio of tbe permeabilities 
has a maximum of 1 79 when the magnetio induction has a value 172, and 
the ratio of the maximum permeabilities is 1*24 A maximum permeabihty 
of 5900 was obtamed when the specimen was shielded and magnetised by 
a previous force of 1*8 0 G.8. units, and this is 1 28 times the maximum 
permeabihty obtained frCm the demagnetised and exposed spemmen. The 

* ‘ The Eleotndan/ May le, 1813, p 814. 
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disnpation of energy by magnefeio hysteresia for a given magnetic indootieii 
M leu when the atalloy is in the shield and demagnetised than when it is 
first demagnetised and then exposed to the earth’s magnetiBm The 
Steinmets index, after rising to a maximum (rf about 3 for a force of 
about 0*008 C 6.S unit, b^ns to dimmish as the force is reduoed, and at 
about this pomt the hystei-esis loops begm to experience a change in shape, 
becoming practically straight parallel lines 

[Note added March 10, 1914 — As was mentioned dunng the reading of 
the paper, the high permeabihty has persisted smce the specimen was 
taken out of the shield on February 17, 1914. Experiments which are just 
completed show that it still exists ] 

The above exponments were made in the Sir William Siemens Eleotrioal 
Engineering Laboratory, University of London, King’s College I wish to 
acknowledge the assistance I have received from Mr. B H Smith and 
Mr B C. Burt Mr A D. Keigwin very kindly re-wound the specimen 
for me, and Prof. Huntmgton very kmdly lent me the shield. 1 have 
also to thank Messrs Sankey and Sons, of Btlston, for presenting me with 
the stampings for the purpose of research 
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The Bo%hnjg-po%nt of Sulphur on the Thermodynarmc Scale. 

By N, Eumorfopouws, B Sc , Fellow of Umveraity College, London 

(Communicated by Alfred W. Porter, F B.S Beceived December 20, 1913, — 

Bead January 29, 1914 ) 

The experiments described in this paper were earned out with the oon- 
stant-presBure gas thermometer The form of the apparatus has been already 
given in some detail in a previous paper,* the results of which were not 
regarded as Anal owing to the alteration in volume of the glass bulb The 
latter was, therefore, changed for one of fused silica, and, of course, the com- 
pensation tubes were likewise of silica It is unnecessary to rejieat all the 
details given in the previous communication, any change will be mentioned 
here , it can be assumed that the mode of experiment has remained the same 
in all other particulars To avoid continual references back to this paper, 
figs 1 and 2 are here repeated Fig 1 represents the bulb and expansion 
vessel, while fig 2 shows the two gauges (the mercury and oil gauges) , it 
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should be added that the oil-gauge tap has since been changed for the tap 
shown in fig 5 of the present paper 

The silica bulb and connecting tubes are drawn roughly to scale in fig 3 
Two silica bulbs have been used of practically the same volume , the one 
has the form shown in the figure , in the other, the bulb is connected immedi- 
ately to the tube B, the capillary tube D being contmued down to C 


M M 
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The compensation tubes are similar to the above, except that the bulb is 
missing, the capillary tube passing directly across from B to D The sihoa 
apparatus was made by the Silica Syndicate, the capillary tubes were 
selected from a large number, so as to obtain proper compensation. How far 
this has been successful will be seen from the following table — 

Bulb 1 Bulb 2 CompenaatuHi tubaa 

Tube B 0 1103 grm./cm 0 1048 grm /cm 0 1246 gnn./om. 

„ D 0 0266 00298 „ 00176 „ 

01369 „ 01346 „ 01422 

(All volumes are given in grammes of mercury at 0* C ) 
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To join the end N of the silica tube to the rest of the apparatus, a little 
Prout’s glue was smeared over the silica, the latter gently warmed and 
pressed into position against the glass tube to the left of F (fig 1), over this 
junction was slipped a glass sleeve a few oentimetres long, leaving a clear- 
ance of about a millimetre, into which was poured cement This cement was 
made according to Faraday’s recipe, but a larger quantity of beeswax was 
added than is given in the directions Finally, the ends of the sleeve were 
covered with true Faraday cement It was, however, found necessary to 
introduce mercurj' into the capdiary tube while carrying out the above 
operation, otherwise the wax dropped into the tube and completely closed it 
The tubes were then evacuated, and the cement at the two open ends parti- 
ally itielted, so that the wax could be sucked in, if the Prout’s glue did not 
hold properly 

Preasui t Coefficimt of the Stl%ea BuJh 

This was measured with the following results With the bulb full of 
niorcuiy, an iiiciease of pressure of 1 cm oi mercury produced an apparent 
change of volume — 

At 0° of 0 00124 grm 
,. 100°, „ 000126 „ 

„ 184° „ 000124 „ 

„ 245° „ 000125 „ 

,. 294° „ 0-00128 „ 

These numbers indicate that the coefficient does not vary appreciably with 
temperature. 

Volume of the Buibe 

Each bulb was heated for some hours in an air-bath to a temperature of 
approximately 550° G before being used. 

Volume of Bulb 1. — 1401 735 Mean of 10 determinations, varymg from 
1401 728 to 1401 743 

Volume of Bulb 2 — Two rough determinatrons were made before use 
These gave 

1385 980 and 1385959 

Immediately after the experiments on the S B P two very careful measure- 
ments were made (in July), viz — 

1385 9870 and 1385 9886 

Three months later, two more, earned out with equal care, gave 

1386 9835 and 13859833 

The diffistenoe between the two last sets is small, but represents, I thmk, 
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a real change m volume In working out the results 1386*987 has been taken 
as the volume If the true value be « mgrm smaller, then the coefficient of 
expansion of the gas would have to be increased bj 1« unit (with six sigmfi* 
cant figures), and the value of S B P by OOlg'’ It may be mentioned that 
this bulb was heated on one occasion to 550° C for seven hours in free com- 
munication with the air, and on the following day for another six , it was 
then fiUed with mercury, and the freezing-point taken within an hour of 
being removed from the air-bath It was kept in ice contmually for 24 
hours , no change of volume to a mill^ramme could be detected 

Coeffixwnt of Empanstim of the BuJb 

It was originally intended to determme the expansion of the bulb by the 
weight thermometer method In view, however, of the results obtained,* this 
idea had to be abandoned 1 have, therefore, made use ot the followmg 
values denved from other observers . — 

Between 0° and 100° C , mean coefficient of expansion, 145 x 10"*, 

.. 0° „ 445° C „ „ „ 168x10-* 

An increase of 10 x 10"* in the first cneffimeiit will increase the coefficient 
of expansion of the gas by 14 units with six significant figures, and dinunish 
the S B P by 0 017°, while a similar increase m the second coefficient will 
increase the S B.P by 0 032° 


The Barometere 

For description of these reference can be mode to the earlier paper As 
the German glass used for the standard barometer was somewhat faulty, 
thus rendenug the setting more difficult, it was replaced by English glass, 
which was found much more satisfactory The length of the barometei was 
determined before and after the experiments on the boiling point of sulphur 
by comparison with an invar scale recently redetermined at the National 
Physical Laboratory The values for the length of the barometer were as 
follows — 

Length at 16° 

April, 1911 . 759776 

October, 1913 759770 


* Eumorfopoulos, ' Phil. Msg [6], voL S8, p. 653 (IMS) 
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Course of the Esgoenmente. 

As before, only three temperatures were observed, viz., WFP, W.B P 
and S.B.P. 

The ice was tested regularly every day with silver mtrate and with barium 
chlonde solutions The former very seldom gave even an opalescence with 
the melted ice, the latter did so as a rule, but not as much as was given by a 
solution of sulphuric acid with freezing point — 0 001° C. Only on one or 
two occasions was it necessary to reject the observations due to the precipitate 
exceeding this amount 

The S B P apparatus is similar in construction to the one given in my 
former paper, except that it was of laiger dimensions The part of the 
boiler exposed to the flame is 7 cm. high, the portion covered by asbestos 
32 cm , and the uncovered portion above this 5 cm The diameter is 11 5 cm , 
while the walls are just a little over 1 mm thick. A thin tm>plate screen 
surrounded, but did not actually touch, the bulb so as to prevent radiation 
The shape of the screen is indicated in fig 3 by the dotted bne To allow 
circulation of the vapour four holes about 1 cm diameter were punched in 
the screen at X. There werp also openings at T In addition a 
horizontal plate was placed 2-3 cm above this screen , this plate almost 
closed the opening of the bath A plate of urakte with the necessary 
openings for the four tubes was cut into two and placed over the mouth of 
the bath Into a fifth opening, nearly 2 cm m diameter, was luted a glass 
tube, in which the Ime of condensation of the vapour could be observed 
This occurred a couple of centimetres above the uralite plate. To test how 
far the temperature depends on the size of the flame heating the bath, the gas 
was turned very low, so that the sulphur was just boiling The temperature 
became apparently steady The gas supply was now increased, and the 
temperature rose about 0 06’ A further morease indicated no nse of tempera- 
ture (to 0 002°) , by this time the vapour was al^bt, and large flames about 
10 cm long were shooting out horizontally between the top of the bath and the 
uralite. It would thus appear that with this bath it is almost impossible to 
superheat the vapour 

The Hxpenmenta. 

The bulb was cleaned with mtnc acid and with mixed chromic and sulphuric 
acids , It was then thoroughly washed with distiUed water, dned, and con- 
nected up with the rest of the apparatus by means of the wax joints already 
mentioned It was then heated for a few hours to 660° (ap^xunately), 
evacuated with a Fleuss pump, and finally with charcoal m liquid air, 
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Connection was made to the pump through the mercury gauge (tube O, fig 2) 
The method of connection is shown in' fig 4 

Air was passed into the thennometer after punfying it by means of potash, 

snlpliunc acid and phosphoric anhydride. 
The bulb aas several times evacuated, and 
filially filled with oir m the cold at a pressure 
of 76 cm. On determimng several times the 
coefiicient of expansiou it was found to be 

0*0036756 

This value is evidently too high, so the bulb 
was evacuat<‘d again in the cold and refilled, 
no other change being made The coefficient 
was again found to be 

00036756 

As the error could be accounted for, if the 
compensation tubes were not acting, the junc- 
tion of the silica and the glass at the wax joint was examined, hut was found 
to be in order The volume of the bulb was loughly determined, but no 
appreciable change was found 

As It was thought that some impurity might come from the sulphuric acid 
or the phosphoric anhydride, tiie former was done away with, while the latter 
was changed, Kolilbaum's being used this time The coefficient found was 

00036765 



The cause of these high values has so far remained a mystery If due to 
an impurity lu tlie air, it seems extraordinary that the quantity should be so 
constant (no burners were alight in the room at the time of fillmg, no other 
experiments were gomg on, and the window was open) , while, if the source 
of the trouble is something condensed on the silica, it seems equally 
remarkable that this impurity does not get permanently condensed on the 
glass bulbs kept at 0° C , on the contrary, the coefiicient found on heating 
the silica from 0° to 100*’ agreed perfectly with tliat found on coolmg down 
again 

It was now decided to try some experiments with nitrogen This gas was 
prepared in the usual way by heating together in solution potassium mtnte 
and ammonium chlonde The resulting gas was passed through a tube 
containing solid potash sticks, another containing phosphoric anhydride, 
then through a red hot tube containing copper and copper oxide, then o ggin 
over potash and phosphoric anhydnde, and finally through a glass spiral 
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immersed in liquid air This last tube was connected to the one first 
mentioned, and by a suitable arrangement the gas could be circulated 
This was done continuously for some three or four hours It should be 
mentioned that the whole system of tubes was evacuated before letting in 
the gas , then some gas was let in, and the tubes again evacuated before pro- 
ceeding with the final preparation 

After exhausting the bulb at a temperature of over 500®, with a charcoal 
vacuum, the nitrogen was introduced after passing it through a spiral 
immersed in liquid air The pressure bemg 76 0, the coefficient was found 
to be 

0 0036714 

The bulb was again evacuated at 550^, left at this tcmf>erature for about 
two hours m connection with the charcoal tube, filled with nitrogen at the 
high temperature, and the gas drawn backwards and forwards fur about half- 
an-hour through the spiral and over sodium-potassium alloy, the former tube 
being the nearer to the thermometer At a pressure of 76 3 cm , the coefficient 
was now 

0 0036702 

As the diminution in the coefficient is quite large, the bulb was again 
boated up, but not evacuated, the gas being merely passed to and fro through 
the spiral and over the alloy At a pressure of 784 cm the coefficient was 
numerically the same , this means, m reality, a diminution of three in the 
last figure As this was deemed satisfactory, the following measurements of 
the coeffaoiont were made — 


Up* 

' 367074 xlO-n 

Down 

367004 xl0-» 

Down 

367012 J 

Down 

. 867034 

Up 

367031 \ 

Down 

367016 

Down 

367022 J 

Down , 

367015 


The mean of these, onutting the first value, is 

367019 xl0“« 


^ The word “up*' means a value obtained on heating up the bulb from 0” to the 
boiUng-point , the word “down" on cooling down. Numbers bracketed together are 
obtained for the some boiling-pomt 
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The following values for SBP were obtained, reduced to 76 cm by 
Harker's formula [viz, 0 904(j?— 76)— 6'00619(p— 76)*] — 


o 


Up 

• ^OnMean 

444°117 

Down 

444156/ 


Up . 

444 170\ 

444170 

Down 

444 169 J " 


Up 

444149\ 

444146 

Down 

444 143/ ” 


Up 

4441441 

r If 

444138 

Down 

444131/ 


Up 

444 131 

444131 


Mean 

444140 


Unfoituuately at this stage the oil-gauge tap got jammed, and m freeing it 
a httle air went up the tubes As it was July, and I was leaving town, I 
merely pumped out the nitrogen and let in some dry air at 76 3 cm pressure 
and determined its coefficient , it was found to be 

00036710 

The air remained in the bulb till October, when the latter was heated up 
to the usual temperature for some hours, pumped out with a fleiiss pump 
and with charcoal in hquid air, some nitrogen let m over sodium-potasnum 
alloy and through the spiral in liquid oir, pumped out again, and again filled 
with nitrogen, the gas bemg drawn to and fro over the sdloy Finally the 
bulb was cooled to 0^ the pressuie adjusted, and the coefficient measured. It 
was found to be 

0 0036728 

This coefficient is again too high, in spite of the fact that the heatuig up, 
etc , occupied two successive days, say 12 hours m all The above process 
was, therefore, repeated, t e , bulb was heated up, and the same mtrogen drawn 
to and fro through the usual tubes The coefficient at a pressure of 75 6 cm. 
was now found to be 

00036704 

The same process was again repeated for two days, and at a pressure 
of 76 7 cm the coefficient was found to be 

00036701 

As It was thought the gas was now sufficiently pure for measuiemoits to 
be made, the following values for the oo^ioient were obtained.— 
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Up... 

366999 xlO-*! 

Up. . 

366983 xl0-*l 

Down 

. 366991 J 

Down. 

366978 J 

Up . 

366987 

Up. 

366994 

Up 

366981 

Up 

366990 

Up 

368979"! 

Up 

366994"! 

Down 

366990/ 

Down 

366983/ 

Up 

367008 

Up 

367004 

Up 

366997 




Mean 

366991x10-* 


. the following values for the S B 

P — 


Up 

4440841 

Up 

4441181444120 

Down 

444129 J 

Down 

444122/ 

Up 

'*441011 ^4 032 

Up 

444164 444154 

Down 

444 083/ 

Down 

444161 444161 

Up 

444135144^13, 

Up 

444 4811444 133 

Down 

4441.83/ 

Down 

444 124/ 

Up 

4441341 444 

Up 

4441271 444128 

Down 

444123/ 

Down 

444129 / 

Up 

444132'! 444 J 20 

Up 

444 0891,44 0gy 

Down 

444107/ 

Down 

444105/ 


Mean 

444126® 



The oooaHional somewhat lai'ge differences between the “ up” and “down ” 
values made me suspect tliat the trouble of tlie high coeifacieut had not been 
entirely eliminated (it is obvious that this difference does not in any way 
■depend on the observations at the S B P.), and I decided to repeat the whole 
set, substituting, however, a Toplei pump for tlie Henss When the 
nitrogen was prepared, it was noticed that a considerable amount of 
ammonia was given off, and, as it was feared that the pnnfying tubes might 
not be able to ooj^ie with this impunty, a fresh quantity of tlie gas was 
prepared, and passed first through a snlphunc acid bulb, and then throi^^h 
the same tubes as m the previous preparation Before the measurements 
with the new gas were earned out, I made, at Mr J Rose-Innes’ suggestion, 
a few observations at a lower pressure, so as to obtain the thermodynamic 
■oorreotion These experiments cannot claim the same aconracy as the ones 
earned out at a higher pressure In the first place, the sensitiveuess of the 
oil-gauge 18 proportional to tlie pressure, and then senoos trouble arose over 
the solubility of air in the oil (Fleuss pump oil) need in the oil-gauge. 
Oocasional minute air-bubbles made their tqipearanoe at the pmnts marked 
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A and B (especially A) in the accompanying figure At the low pressure, oil 
slowly leaked into the oil-gauge through the tap As air could not do so 

directly, the only explanation seemed to be that 
it got earned in by the oil in solution, the change 
of solubility in the pressure accounting for the 
air-bubbles In addition, it was very likely that 
diffusion nught take place through the oil In 
fact, it was noticed that, if two W.FP’a were 
taken in succession (say on Fnday and on 
Monday), the oil-gauge did not give the saino 
reading on the two days. The C side liad 
apparently increased in pressure, presumably 
because the C tube is nearer the bulb C of the 
tap, from whidi the leakage apparently came 
This change of pressure was measured on three 
separate occasions, and was found to be eqmvalent to a cliange of the WFP 
of 0 60 ingrui per hour — this is equivalent to a change m the oooflicient of 
0 80 j)er hour with six significant figures, and in the S B P of 00080® per 
hour This correction has been applied in all the low pressure measurements , 
to show its iiiipoctonce, its magnitude is indicated m the tables of results 
Owing to the pressure in the thermometer being smaller than the 
atmospheric, mercurj' could not be removed from the expansion bulb (bulb £) 
with the apparatus as it stood, nor could the oil-gauge be conveniently 
manipulated To overcome these difiiculties, a small piece of apparatus, 
shown in fig 6, was adapted to the thermometer By adjusting the 
reservoir B, the pressure in A could be varied Three tubes, with stopcocks, 
were sealed to A One communicated witli the atmosphere, the second was 
ennneoted to the open tube of the oil-gauge (see fig 2), and the third to the 
bulb C, in which was collected the mercury from the expansion bulb 
The expel imcnts with the old gas at a pressure of 39 5 cm. gave the 
following results — 


CoefiiciBut XIO’ 

Up . 366479'1 
Down 366499 j 

Up 3664851 

Down 366580 j 

Up 386302\ 

Doui) 366640 J 


Up 366565 ■) 

Down 366652 J 


Up 8666011 

Down 366590/ 


Cknreoted for diffoaion 
( 24 hours) 3664981 
( 4 „ ) 366496/ 

( 68 ,. ) 3666391 

( 4 „ ) 366577/ 

(188 „ ) 3664521 

( 4 „ ) 366637/ 

(20 „ ) 3666711 

( 4 „ ) 866649 ]■ 

(20 „ ) 3666171 

( 4 „ ) 366687/ 
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Sulphur on the Thermodynamtc Scale. 


Coeffloient x KX* Corrected for diffuBton 


Up 

seessii 

( 68 hoora) 

366685 

Down 

366564/ 

( 4 

» ) 

366561 

Up 

366604'! 

( 20 

„ ) 

366520 

Down 

366656/ 

( 4 

.. ) 

366553 

Down 

366576 

( 4 

.. ) 

366572 


} 

} 


Mean 366661 x 10“» 


SBP 


Corrected for diffuuon 


o o 


Up 

Down 

4444071 
444 439 J 

( 20 honre) 

( 4 „ ) 

4444231 
444 436 J 

Up. 

Down 

444 383" 
444 414 J 

( 20 .. ) 

( 4 „ ) 

444-3991 
444 411 J 

Up 

Down 

444 3341 
444 339 J 

L ( 20 „ ) 

r ( 4 .. ) 

4443501 
444-336 J 


Meau 

444392° 




Fio 6. 
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Once, when the nitrogen was giving, an abnormal coefficient, an attempt 
was made to see if any gas was given off by the bulb For this purpose, an 
ordinary vacuum tube with electrodes was connected to the tube coming from 
the thermometer. The bulb, kept in ice, vras evacuated with the Topler until 
practically no discharge passed On placing the bulb rapvMy in boiling 
water, in general, no change of luminosity was observed, although the 
nitrogen was on one occasion left for a month m the bulb to enable the 
silica to absorb the gas, if it felt inclmed to do so Once only was there 
a sudden increase of luminosity 

For the following experiments, the fresh sample of nitrogen was used, and 
the second bulb — 


Pressure = 79 2 cm 

Coefficient — 


Up 

366987 X 10-*' 

\ Down 

367011 X 10-» 

Down 

366997 

J Down 

367003 

Down 

3G7013 

Down 

367004 

Down 

367005 

Down 

.167009 


Mean 

367005 X 10”* 


In taking the mean, I have counted as one obseivation the first two values, 
so as not to give undue weight to a single boiling point observation 

SBP — 




Up 

444144*1 

Up 

444126\ 

Down 

444 113 J 

Down 

444112 / 

Up 

4441201 

Up 

444 US'! 

Down 

444 116 J 

Down 

444121 / 

Up 

444‘1321 

Up 

444143\ 

Down 

444120 J 

Down 

444140 / 


Mean 

444123 


The pressure was 

now reduced to 41 5 cm In all these observations, a 

SBP was taken in 

the mormng. 

a WBP m the afternoon, and finally. 

about ail hour later, a WF.P 

The oorrection 

for diffusion is then 


practically negligible in the case of the coefficient , the values for the latter 
were as follows. — 

366578 X 10-» 866601 x lO"® 

866576 366593 

366583 366598 

866598 366581 

366591 366573 

Mean .. 366687 xlO"* 
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Sulphur on the Thermodf/namtc Scale 
The following values for the S B P were obtained : — 


Corrected for diffusion 

o o 


Up 

4441261 

I (68 hours) 

444180 

Down 

444 390 J 

( 4 

ti 

) 

444387 

Up 

444 3261 

. ( 20 

II 

) 

444 342 

Down 

444 437 J 

( 4 

II 

) 

444434 

Up 

4442811 

( 44 

II 

) 

444316 

Down 

444 3.36 J 

( 4 

II 

) 

444 333 

Up 

4443191 

( 20 

II 

) 

444335 

Down 

444 342 J 

( 4 

II 

) 

444339 

Up 

4442681 

L ( 92 

II 

) 

444342 

Down 

444 345 J 

I ( 4 

» 

) 

444342 

Up 

444 3321 

L ( 20 

II 

) 

444 348 

Down 

444 429 J 

1 ( 4 

II 

) 

444426 

Up 

444 368n 

1 ( 72 

*1 

) 

444426 

Down 

444371^ 

I ( 4 

II 

) 

444368 

Up 

4443301 

1 ( 20 

11 

) 

444346 

Down 

444 366 J 

I ( 4 

II 

) 

444363 

Up 

4443321 

1 (44 

II 

) 

444867 

Down 

444 350 J 

I ( 4 

II 

) 

444347 

Up 

. 444 2861 

1 ( 20 

II 

) 

444302 

Down 

444 307 J 

1 ( 4 

11 

) 

444304 


Mean 444 356"^ 


} 

} 

} 

} 

} 

} 

} 

} 

} 

} 


Aa a rule, in manipulating the oil-gauge, it was possible to prevent any 
of the small air-bubbles that formed at the tap from passing up into the 
thermometer Occasionally (especially over the week end) this was not 
easy, and for the first S B P there is a note in my book that some minute 
bubbles passed up both sides. 1 have, Uierefore, taken no account of it 
m obtaining the mean 

After this, the nitiogen was removed, and the thermometer filled with 
air that was passed through potash solution, a phosphoric anhydnde tube, 
and a spiral immersed in liquid air The following observations were made — 

Pressure s 81 1 cm 

Ooetiioient— 

Up. . 867098 xlO-'l Down ... 367083 xlO"* 

Down 867048 J Up . 3671071 

Down 367069 Down . . 867076J 


Mean .... 367079x10-" 
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SBP— 

Up 444“l73\ Up 444'l56\ 

Down 444 106 J Down 444 077 J 

Up 444“l36\ 

Down 444 079-1 

The vanations are much larger than in the caae of nitiogen at a corre- 
sponding pressure Further, the " down ” values of the K B 1* are m all three 
cases about 0 07° smaller than the “ up ’* values The difference is in the same 
direction in the two similar coefficient \alues After the last WFP the 
bulb was heated up to 100° for 10 or 16 minutes, letting out mercury so as 
to keep the pressure constant, then it was cooled to 0° for a similar period, 
mercury being introduced This was done three times in all in succession 
The hnal result was, after all corrections are made, as if 22 mgm were dnveu 
out in the process This would make a difference of 30 units (with six 
significant figures) in the coefficient, and is in the same direction as the 
above-noted differences 

After this experience 1 thouglit it was useless to proceea further with air 
I had intended carrying out some measurements with ai^on, but it seems 
preferable first to clear up the souiee of the air discrepancies, and a search 
roust also be made foi an oil which dissolves less gas tlian the Fleuss pump oil 

The following coefficients have thus been found for nitrogen — 

PreiBure Coefficient xlO* Preaeure Cocffiaent XlO* 

784 367019 396 366661 

75 7 366991 41 6 366587 

79 2 367006 

To compare these, we shall reduce the first three to a common pressure 
79 2 and the last two to 41*5, with the following result * — 

PreMure Coefficient xlO* Preaeure Ooefflcient xlO* 

,-367028 r866683 

79 2 J 367030 1366687 

1-367005 

I consider that the last value of each set is the more reliable. If we adopt 
these, the value of the coefficient for a pressure of 0 cm. is 

000366127, 


the reciprocal of which is 


273 128. 
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Sulji>hur on the Thermodynamus Scale. 


The values for S B.P are as follows • — 


Pressure 

Temperature 

Pressure 

Temperature 

78-4 

444‘’l40 

39 5 

444°392 

75 7 

444 125 

415 

444 356 

79-2 

444125 



Beducing these. 

aB in the cose of the coefhcieut, we have — 

Pressure 

Temperature 

Pressure 

Tempeiature 


r444\36 

415 

r444°380 

79 2 

J 444 104 
1444125 

1444356 



Adu})tmg as before the last values, we got for the value of S B P on the 
thermodynamic scale 

44461° 

Experiments that are now being carried out on the Joule-Thomson eflect 
will, It IS hoped, throw further light on these reductions to the theriuody' 
namic scale 

There is no need to collect here jirevious results on the S B.P , as this has 
been admirably done by Waidner and Burgess, and by Day and Sosman * 
The principal lesults of this research are as follows — 

1 The thermodynamic correction to the S B P has been obtained expen* 
mentally, and the value of the S B P on the centigrade thermodynamic scale 
found to be 

44461° 


2 . The value of the melting point of ice on the absolute centigrade thermo- 


dynamic scale 18 


273 13° 


I wish to thank the Government Grant Committee of the Royal Society 
for a grant towards the expenses of this research 


* Waidner and Btirgess, ‘ Bulletin of the Bureau of Standards,’ vol 7, No 1 G910) , 
BurgeH andLe Ohatelier, ‘The Measurement of High Tempeiatuies,’ 1818, Day and 
Boimaa, * Amer Joum. of Sdenoe,’ voL 33, p 689 (1818) 
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Part 1 — liUrodnctton 

The question of the occurrence of ozone m the atmosphere has been foi a 
long tune a subject of much speculation, on account of the imjiortaut 
bearing it has, both from physical and chemical considerations, m dealmg 
with many atmosphenc phenomena 

Many workers have shown the marked absorption effects that small 
quantities oi ozone have on ultra-violet light * The view has also been put 
forward that this gas plays an important part in contributing to the blue 
colour of the sky f 

The active chemical properties of ozone would, moreover, if present, he 
expected to play a very important part in detemuning the salnbnty of the 
atmosphere, on account of its inteiiiie bactericidal action, and its general 
property of destroying organic matter 

Although a very large amount of work has been done with a view to 
ascertain the presence and to determine the quantity of ozone in the 
atmospheie, veiy few satisfactory attempts have been mode to distinguish 
between this gas and other substanoeB, such as oxides of mtrogen and 
hydrogen jxiroxide, which have very similar chemical properties 

Tlie results obtained by different investigators are very discordant, and 
many of the methods used m extended measurements have since been found 
quite unreliable, and to give nse to misleading oonolusions. 

It appears now to be generally accepted that all the forms of test papers 

* (If KrUger and Moeller, ' Phys Zeit ,’ vol. 13, p. 729 (1912) , Fabry and Buiaeon, 
‘ Compt Rend ,' vol 156, p 782 (1913) 

+ Utwfra, 
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and colorunetno methods winch have been used so for are not applioable for 
quantitative results. In some earlier work by the wnter, in oonjunotum 
with W. Hayhuist,* a series of measurements on the quantity of ozone in the 
atmosphere were attempted. By making use of kites and balloons, it was 
shown that definite small quantities of ozone occur at high altitudes, thou(^ 
no conclusive distinction between this gas, hydrogen peroxide, and oxides of 
nitrogen was made. 

Xhierryf had previously made measurements m the Alps at different 
altitudes. The method used consisted m drawing measured volumes of air 
through a solution of potassiqpi arsenite, which by reaction with ozone was 
oxidised to arsenate, and the remaining arsenite was estimated by titrating 
with a solution of iodine Some preliminary quaktative tests showed that 
there was no appreciable quantity of oxides of nitrogen or hydrogen peroxide 
present to complicate the reaction Defimte quantities of ozone, which 
increased with the altitude, were found. 

H. N Holmes} earned out a senes of qualitative teats by exposing papers 
impregnated with starch and potassium iodide Defimte indications of 
ozone u’ere found, the amount being greater m winter than in summer. 

Part 2 — iSom DvUtnHive Chmuai Properties qf Ozone 

A large amount of prelimmary work has been done to find some metiiod of 
determining ozone chemically which would not be vitiated by other gases 
present in the atmosphere, and which would be simple in application. It 
was necessary that the method should be capable of use in light apparatus 
which could be attached to small balloons. 

The reagent which was oousideted most suitable m this application was an 
aqueous solution of pure potassium iodide It was found in these preliminary 
expenments that a concentrated solution rt'acts with ozone, even when tills 
gas IB present at high dilutions, with great lapidity This is also the case at 
temperatures as low as —50°, when the gas is passed over the surface of the 
solid reagent. As the reaction winch talms place between ozone and 
potassium iodide is known to be very complex, it was hoped that an 
examination of the products obtained would enable a distinction to be made 
between ozone and other possible reacting gases in tiie atmosphere. 

Seadien between Fotaeenm Jodtde, Ozone, Oazdee of Netrogen, and Hydrogen 
Pmzmde,— 'The measurements which were made to aseertasn the reaotaons 
which take place between these gases and potasamm iodide showed that, in 

* * Chsm Soe. Traiu.,* voL 87, p. 868 (1810X 
t * Oonpt. Bend.,’ voL 184, p 480 (1687) 

} ’ AZMr. Chem. Joan.,' voh 47, ph. 487 (1818X 

T'Olfc Q 
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the case of ozone, in accordance with an effect of mass action, the nature of 
the products given by this reaction depends on the total quantity of this gas 
which has been passed, and also varies in a high degree with the concentra- 
tion of ozone per unit volume of gas, even when the same total amount of 
ozone has been passed * 

It was found that, at a dilution of 1 part in 100,000, the reaction with 
potassium iodide yields hypo-iodite and free iodine, but no lodate 

The products can be simply estimated by titration with standardised 
sodium thiosulphate solution, end the absence of lodate ascertained by then 
acidifying the solution. A.ny lodate present would cause an immediate 
liberation ot iodine 

Measurements maiie on the influence of temperature showed that, below 
—24°, when the reagent ^as solid, the above relation no longer applied, as, in 
this case, lodate was formed by ozone at all concentrations 

Oxides of nitrogen weie found to react with potassium iodide to give 
mainly lodate at all concentrations. In tlus way a basis is provided for the 
distinction of ozone from nitrogen peroxide when the gases are present at 
high dilutions, and if the temperature is not below —24° 

Hydrogen peroxide at high dilutions when reacting with potassium iodide 
gave products similar to those obtained with ozone, so that this reagent does 
not furnish a distmotion between these two gases. However, the difficulty 
can be overcome by means of a separate test, using titanium sulphate 
dissolved in sulphuric acid, which gives a yellow coloration in presence of 
very small quantities of hydrogen peroxide, while ozone produces no effect 

It is seen below that, by the application of these tests to atmospheno 
measurements at high altitudes, it was established that there was no 
detectable quantity of hydrogen peroxide or oxides of nitrogen present, but 
in all oases definite quantities of ozone were found. 

Part S — The Aetton VUra-vwld lAghJt on Atr. 

The formation of ozone by the action of ultra-violet light on oxygen has 
been demonstrated by a number of investigators and it has also been shown 
that this reaction takes place when air is used in place of oxygen. 

It has been observed, on the other hand, that ozone is decomposed t^uUm- 
violet light. 

Begenert found that an equilibnum stage is obtuned when with a certain 
concentration of ozone no further change is produced (m exposing to the light 

* Tot further ducnision of theee roaotioiu, we Pnng, 'Chem. News,' voL 109, p, 79 
1914> 

f Bogener, ‘ Ann d Phyi ,* voL SO, p, 1038 (1906) 
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It WM found that this equikbnum varies with the temperaturo and with the 
nature of the light Measurements showed that only light of wave-length 
below 200 (ifi 18 effective in causing the production of ozone from oxygen 
This corresponds with the observation of Krensler that the absorption'pomt of 
light by oxygen occurs at 193 and below 

It was also found by Segener that the rays wluoh are effective in causing 
the decomposition of ozone lie between 185 and 300 fift, which agrees with 
the measurement made by Meyer, according to which ozone absorbs light of 
wave-lengths up to 257 fi/i. Meyer draws attention to the fact that the solar 
spectrum ceases at about 293 /tfi, and attributes this to the absorption 
ozone in the atmosphere. 

Yon Bahr found tliat the rate of decomposition of ozone on standing 
increases rapidly as the pressure is lowered, and thus considers it improhable 
that any considerable quantity of this gas can exist in the upper 
atmosphere. 

As 18 recalled below, very little experimental work has been conducted to 
ascertain the possibility of producing oxides of nitrogen andhydrogim jieroxide 
by ultra-violet radiation 

An investigation was made in t^is woik on the action of ultra-violet light 
on air, under different conditions of pi essure, humidity, etc, in order to obtain 
some idea of the concentration of ozone that can be reached in this way under 
the different conditions, and also to see if any other products, such as oxides 
of nitrogen and hydrogen peroxide, are produced by this action The apparatus 
designed for the exposure of the aar is shown in fig 1, and at A, fig 2. 

The main feature in the source of ultra-videt light used consisted in the 
application of the light, derived from a mercury arc, after passing through a 
quartz partition, directly to the air undergoing reaction In this way absorp- 
tion of the rays by any intervening layer of air was avoided. The quartz tube 
oontainmg the mercury aro, B, was surrounded with a quartz bulb fitted with 
the inlet and outlet tubes e, e, through which the air was ciroulateH The outside 
walls of the annular vessel were cooled by submerging the whole apparatus 
in a vessel of water. The aro was started by means of an induction coil m the 
following manner. A potential difference of 100 to 200 volts was connected 
to the tenainals Ti, Ta, after first passing through the lamp resistances jomed 
m series at B (fig. 2). The secondary circmt of the coil made connection with 
one of these terminals at T| and with a wire W, wrapped round the centre of 
the annular jacket of the lamp. On working the mduotion coil by means of 
a tapping key K, a glow disohaige was made to pass through the lamp, which 
started an aro between the reservoirs of mmrmiry at the terminals. When the 
lamp was immersed in a bath of water, this method of starting was still more 

Q 2 
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effective than when in air, though with the water cooling a hi(^er voltage 
(200) was neoessarjr to ensure continuous working, 

A Topler pump (F) was connected with the apparatus by means of the two- 
way tap (S) for the purpose of exhausting and drying. The tube 11 could be 
connected with a water ]mmp to aspirate gases at low pressures The rei^ent 
was placed in the wash-bottle E When estimating ozone, the solution used 
consisted of equal weights of potassium iodide and water. The water ooobng 
of tins apparatus did not of course suffice to mamtam a unifonn temperature 
of the contained air 

In addition to this factor of temperature, other conditions prevailing in the 
upper atmosphere could not be reproduced in these experiments The nature 
of the ultra-violet light obtained from the mercuiy are was of course limited 
by the transparency of the quartz, and would thus be expected to differ 
from the case of solar radiation actung on the uppermost layers of the 
atmosphere However, it was possible to obtain conclusive results on the 
relative formation of ozone, nitrogen peroxide, and hydrogen peroxide, with 
the particular light used. 

Sqwdihrmm, Value of Ozone — In measunng the equilibrium value of ozone 
produced by circulating the air at very low speeds, it was found that the 
temperature of the lamp quickly imposed a limit to the concentration of ozone 
The highest yield of this gas was obtamed when the arc was formed 
intermittently for a very short interval every halt minute, thus m inimis ing 
the rise of temperature A confined volume of air in the annular space 
of the lamp was exposed to the radiation. The arc was formed for 
1 second every SO seconds, and the ozone estimated after different mtervals 
m a series of oxjieriments. It was found that the quantity of this gas 
formed increased rapidly at first and afterwards slowly until, after 40 seconds 
total exposure, a maximum was practically readied contauung 0*16 per cent 
ozone. ^ 

A similar result was obtained when the experiment was conducted with 
pure dry oxygen, in this case the maximum amount of ozone formed was 
0*2 per cent. 

E. Begener (fee. eit ), when investigating the equilibnum in die produoUon 
of ozone from oxygen at different temperatures, found this to be 8*4 per 
cent at 20°, and 2*7 per cent, at 64° The discrepant^ is probably due 
to differenoes in the types of apparatus used, as die eqnihbtium value would 
be determined by the relative transparent of the quartz for li^t of idlferent 
wave-lengths. 

Izfnmee of IVater Vajfour on the Ibrmation of Onme,— >It was found 
that a more favourable yield in the fonaatem of ozmie "by ultra-violet 
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light IB obtained with dry air or oxygen than in the case of the nunat 
gas.* 

The smaller yield of ozone in the case of moist air is probably due to the 
fonnation of traces of hydrogen peroxide, which reacts with ozone according 
to the equation 

HjOa+Oj = ^^04*201 

Effed of Preamre on the FormtoJtian of Ozmu — ^Xbe apparatus used for this 
measurement was arranged as shown in fig 2 The reaction vessel and 
connecting tubes were exhausted by means of the Topler pump P, oontaming 
phosphorus pentoxide at 0. 

The air was stored m the gas-holder Z, whore it could be dned by leaving 
in contact with phosphorus pentoxide for several days By means of the 
tap S, which was lubricated with phoqthorio acid, the gas, after passing 
through the radiation vessel, could be led through the reagent placed in 
the wash-bottle £ In the comparative expenments 200 oc of air was 
passed in equal intervals of tune, but at pressures vatymg from 760 to 
30 mm 

It was found that a marked fall in the ozone formation occurred with 
reduction of pressure. Thus, at 760 mm, the concentration reached was 
0*01 per cent , and at 30 mm 0 0014 per cent 

Evrmdvm of Hydrogen Peronde — ^The action of ultra-violet radiation 
on water has been investigated by Eembaum,f who found that a slight 
decomposition slowly takes place according to the equation 

2H,0 = HjOs-t-H, 

0hlopii4 investigated the formation of hydrogen peroxide from moist air 
when submitted to the radiation from a mercury arc lamp constructed of 
.quartz The air was circulated through the reaction vessel at a speed <A 
35 litres per hour, and then passed through a solution of titanic amd 
dissolved in dilute sulphuric acid. After possmg the gas for 10 minutes 
this reagent assumed a slight yellow colour, indicating the presence of traces 
of hydrogen peroxide 

In the present work expenments were made to detect tiie formation of 
hydregeo peroxide by passing 60 litres of moist air through the apparatus 
during two hours, and leading through a solution of titamc sold in 
sulphuno acid and contained m a small glass spiral washer. ITo change 
in colour was observed A comparative test made by taking hydrogen 

* Cf Warburg and Luthaoaer, ‘ Ann. d. Pbys voL 80, p. 7S1 (1806). 

t ‘ Le Badiani,"Tol 6, p. 886 (1809). 

} * Zait anorg. Ghem.,' voL 71, p 198 (1911X 
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peroxide solution showed that it is possible to detect with oertauity the 
presence of O'l grin equivalent of this compound with the above 

recent In 60 litres of air this would correspond to a volume of 
1 8 X 10~* per cent. The amount formed under the conditions of the 
above experiment must therefore be below this value, which is very small 
compared with the ozone 

As hydrogen peroxide is decomposed by ozone, it is doubtful whether any 
appreciable quantity would be permanently stable in presence of the latter 
gas 

Formatton qf Oxides of Nitrogen — It has not yet been established whether 
oxides of nitrogen are formed by ultra-violet light, though Ohlopin (foe at.) 
obtained evidence of the formation of traces of this gas by ap^ying 
metaphenylenediamme as a coloninetno test This method is extremely 
sensitive and open to doubt when applied in tins comiection In the 
present woik, use was made of a method devisod by Fischer and Marx* 
for distinguishmg nitrogen peroxide from ozone, which depends on the foot 
that, when a mixture of the gases is passeil into liquid air, the former 
separates as a white solid while the latter dissolves. Measurements were 
made in the present case with purified air which was circulated through 
the radiation apparatus during intervals of several hours, and then passed 
into liquid air After filtering off the solid particles, these were Allowed 
to evaporate and pass into a gas-holder. No nitrogen peioxide could be 
detected in this gas by applying potassium iodide or tetrametbyl base 
Iiaper These results show that, as in the case of hydrogen peroxide, 
if any nitrogen peroxide is produced by ultra-violet light, os used in these 
experiments, the quantity is negligibly small when compared with the ozone 

Part 4 — Atmo^hm/a Meomranente at High AUUndes, 

A, In the Alps, at AlMudes hetioeen 2000 and 8500 metres — ^The albsorbing 
vessel which was used to contain the reagent was the same as that 
employed in the earlier work of Hayburst and Pnng {loe at.), and con- 
sisted of a spherical glass bulb of 5 cm diameter (B, fig 3), which was 
provided with an mlet and outlet tube 1 cm internal diameter terminating 
in oonioal funnels (C, 0) on the outside, and projeotmg, on the inside, for 
some distance inside the bulb In this way a quantity of reagent oonld be 
placed inside the bulb and secured agamst loss when the apparatus was 
placed in any position. A free circulation of air thtou{^ the vessel took 
place, when this was placed honzontally and exposed to a wmd. The glass 


* < Bar.,’ voL as, p, a5»7 (1906). 
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fimnels 0, C, were extended by means peper (D, D), and the whole 
enclosed in a cage of hard spring wire (BB) for protection. The gjaas vessel 
was blackened on the outside and also covered with 
black cloth to protect the reagent flnmi hg^t. 

By placing a fuming liquid m the vessel and 
exposing to a wmd, the air in passing through was 
seen to assume a rapid circulatory motion uudde 
Hie efficiency of the absorption ol ozone dnnng thu 
passage was tested by taking a vessel of similar 
construction, placing the potassium iodide reagent 
inside, and then joining the vessel in senes with a 
wash'boltle contammg the same reagent. On 
passing ozonised air through the two vesaelB in 
succession, and varying the speed of oiroulation, it 
was found that even at higher velocities than those subsequently given by 
the atmosphere, more than fonr^fifths of the ozone was m every oase absorbed 
by the hrst vessel. 

Volumt of Air Cvrcmlaiid through the Beactum Veaael durtng a Meature^ 
ment , — An approximate oahbration of the volume of oir oiroulated, which 
was assumed to be directly proportional to the velocity of the wind, was 
made by plaomg some pure benzene in the vessel, and after exposing for 
defimte intervals to a wind of known velocity, noticing the loss in weight 
The vessel was first calibrated in terms of the readings given by a pwtable 
anemometer kindly lent by the Meteorological Office, and then by oom* 
patison with a standardised anemometer at the Manohester Umversi^ 
Observatory , the readings were reduced to miles per hour. 



Besults of Calibration 
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Since the vapour pressure of benzene at 17° is 60*6 mm. and its molecular 
weight 78, it follows that 1 grm. of Ihe aatiirated vapour will occupy 
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3'29 litres. The quantity duplaced during a reading of 1 unit on lAie 
anemometer, viz , 0‘043 grm., will therefore oorrespond to 0*141 hire. 

The calibration of the anemometer showed that 1 unit corresponded to a 
horizontal flow of air of 0*027 mile, so that a flow of wmd oortesponding 
to a displacement past the apparatus of 1 mile corresponds to a ciroulatum 
of 5*12 litres in the vessel 

Rendu of MeamremmU made va the teste, which lasted several 

days, were made near Scheidegg at an altitude of 2130 metres and at a point 
near the Jungfraujooh of 3580 metres altitude 

Hydrogen Peroande , — This was tested for by exposing titanic acid m 
presence of sulphunc acid to the wind in an apparatus similar to that used 
for the ozone estimation The colour of this reagent remained quite 
unchanged after exposing for two days at the different altitudes and under 
different conditions of weather, thus showing that there is no appreciable 
quantity of hydrogen peroxide in the atmoaphore It was noticed, however, 
that freshly fallen snow or hail gave a very marked coloration with the 
reagent No tests were made with glacier water, though this would be 
expected to retain the hydrogen peroxide assoaated with the snow. 

Nitrogen Peroaade — In the experiments tabulated below, where esUmaUons 
have been made of ozone, it was found that in no case was any potassium 
lodate formed on exposing the iodide in the reaction vessel to the atmosphere 
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Ab pointed out above this shows the absence of any appreciable quantity of 
oxides of nitrogen. 

(hone Est%m<U%om. — These were made by plaoiog about 7 o.c. of a mixture 
of equal weights of potassium iodide and water m the reaction vessel and 
placmg on the ground horusontally m the direction of the wind The 
anemometer was erected in the neighbourhood 

The mean quantity of ozone, viz., 2 6 x 10~* at 2130 nieixes and 4 7 x 10'* 
at 3580 metres, are m close agreement with the results obtamed by 
de Thierry (/oe eU ), which gave 1 6 x 10~* at 1050 metres and 44x 10~* at 
3020 metres. 

B. MeamremetUa made vrUh Free Balloons — For these measurements use 
was made of the hydrogen balloons which are used m meteorologioal 
mvestigatiuns at the Manchester University These balloons with the 
attached mstruments nee to an average height of about 10 miles and then 
burst. The deflated skin retards the rate of fall of the instruments to the 
ground A knowledge of the height attained and the temperature is 
obtained by a recording baro- and thermograph. 

The reaction vessel for the ozone tests was of the same form as that used 
in the tests at ground level, and was suspended vertically from the balloon 
together with the other instruments. 

A rough calculation of the amount of air wlucli would pass through the 
vessel during an ascent and descent was made from the following data. — 

From the calibration made above it was seen that the exposure of the 
vessel to a flow of wind corresponding to a displacement of air of 1 mile 
caused the passage of 6 12 litres Since 1 mile as 1 6 x 10* cm , it follows 
that a displacement of 1 cm at atmospheno pressure will cause the oiroula* 
tion of (5 12 X 10*)/(1 6 x 10») = 0*032 o c 

On the assumption that the volume circulated is proportional to the dis* 
placement through the air, it follows that dnrmg an ascent and deeoent the 
mass of air passed through in grammes is given by 2(pi--pz) x 13*6 x 0 082, or 
0 87 (pi—pi), where pi is the atmospheno pressure m centimetres of mercury 
at ground level, ps that at the highest level readied, and 13*6 the density 
of mercury The volume circulated in litres (measured at NTP.) is there* 
fore 0 676 (pi— Pa). 

The values for the pressure at different altitudes have been taken from 
meteorologioal tables, as reproduced on p 216 

At a height of about 6000 meti'cs the temperature is always helorr the 
freezmg point of the reagent ( — 24°) so that reaction must take ^aoe 
with the solid. It was seen in Part 1 that under these conditions tiie 
method appbed did not enable a distinotitm between ozone and oztdee of 
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nitrogen* However, m all measurements made up to 6500 metres, the latter 
gas was found not to be pi-esent in any appreciable quantity 
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The reagent placed in the vessel consisted of 5 to 7 c o. of the 50-per- 
oent potassium iodide solution as used in all the other measurements 
After being returned by the finder through the post the amount of solution 
remaimng usually amounted to about 2 c c The values given in the tables 
are calculated on the original quantity’ of reagent 
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It is seen that, except in one case, a large part of the reaction had resulted 
in the formation of lodate. The one case in which this compound had not 
formed was where the ascent had only reached an altitude of 6 5 Ulometree, 
where the temperature mdioated was •~81*5*’ Sinoe the myoecopio point of 
the reagent is —24*’, complete eokdifioation had probably not occurred. 
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The fact that, aa in the ease of alt measarementB at lower idtitndes, tiiere 

t* 

was no lodate formed in this experiment, indicated the absence of oxides of 
nitrogen, and the formation of lodate in experiments at greater altitudes is 
presumably due to the reaction of osoiio on the solid reagent, as was 
established in laboratory experiments. 

By considering these results together with those made on giound level at 
altitudes up to 3 5 kilometres, the conclusion may be drawn that there is no 
detectable amount of hydrogen peroxide or oxides of nitrogen in the higher 
atmosphere, but that there is a definite small quantity of ozone The amount 
of this last gas increases with the altitude up to 3 5 kilometres 

The mean values estimated in the measurements made in the Alps were 
2 5 X 10~* in one part of air at 2 5 kilometres altitude, and 4*7 x 10~* parts 
at 3’5 kilometres. 

In the ineasurements made with the balloons in this country, the mean 
volume of ozone between ground level and altitudes up to 20 kilometres gave 
an avomge value of 2*1 x lO"” Even after allowing for the absence of this 
gas at lower levels on account of organic impurities, this value would mdicate 
that there is no very great increase m the amount of ozone in the atmosphere 
between altitudes of 4 and 20 kilometres The amounts measured, however, 
are known to be sufficient to exhibit marked absorption and chemical effects, 
and tlius play an important part in the permeability to radiation and in the 
chemical purification of the atmosphere 

Part 5 — Tht Part flayed hy Ozom m Determmny the Blue Colour of the Sky 

The blue colour of the sky has been asenbed to a number of operating 
causea Firstly, the tuibidity of the air or presence of small particles of dust 
has been shown to exert a selective refiection on light of diSbient wave- 
lengths 

Secondly, it has been pomted out that the molecules of the air are them- 
selves able to scatter radiation in a similaT manner to the action of small 
particles of dust* 

Thirdly, the presence of ozone has been put forward by a number of 
investigators to account for this colour.^ 

The coloration has also been attnbuted to fluorescence phenomena produced 
by this gas I 

* Clf, Baylei^, * FhU. Mag vol 47, p. 370 (1680) ; Sdinster, ‘Theory of Opttos,* p. 336 
(1800) ; ‘ Nature,' voL 61, p 87 (1808) , King, * RnL Ttau.,' A, voL Sit, p. 870 (1813). 

f Of (3bappius, 'ComptM Bendui,’ vol 01, p. 060 (1880), ‘Qhem. Soe. 

Tian* ,’ vol 38, p 111 (1881) ; Spring, ' Boll de FAoed. Beige* (3), vol 36, p. 004. 

{ (f lalletnud, ' Oomptes Bendue,’ vol. 76, p 707 (1673) ; Hartley, 'Natore,* vsl. 38, 
p. 474 (1888). 
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It has been found* from spectropbotometnc measozementB on skyhght 
that the distribution of intensity observed could not be altogetiier accounted 
for by the assumption of an atmosphere conforming to Bayleigh’a formula 
noi of a turbid medium con taming coarser particles These, and the results 
of other investigators, indicate that there is a blue absorption colour of 
the air. 

In the present work the results of the approximate measurements made on 
the quantity of ozone in the atmosphere at altitudes ranging up to 20 kilo- 
metres supply data which enabled a rough comparison to be made in the 
laboratory of the depth of colour given by ozone of equivalent amount 

For this experiment a glass tube of 2 8 metres length and 4 cm diameter 
was taken The walls were provided with side tubes, one neai each end, to 
enable the passage of the ozonised gas through the tube The two ends of 
the main tube were covered by thin plates of glass, which were cemented by 
sodium silicate solution so as to make air-tight connection. 

The outside of the tube was wrapped with black paper, and a white paper 
disc placed over one of the end plates On illuminatmg this by daylight 
and sighting through the other end, the intensity of coloration produced on 
admitting ozone of known concentration could be observed. 

The ozone for this purpose was prepared from oxygen by passmg through a 
number of annular glass tubes where it was exposed to the silent eleotnc 
discharge produced by an induction coil After time had been allowed for 
the composition of the gas in the sighting tube to become uniform, an analysis 
of the gas was made by connecting the outlet side tube to a vessel containing 
acidified potassium iodide solution, and allowing a known volume of the gas 
to pass. 

It 16 seen from the atmosphenc measurements that, in this country, an 
approximate concentration of two parts of ozone in one miUion of air was 
found as the average amount of this gas between ground level and an altitude 
of 20 kilometres, while the amount found m the Alps at an altitude of 

kilometres was five parts in one million. Taking this second value, and 
allowing 8S60 metres as the height which would be ooouided by the 
atmosphere if at NTP., this oonomitratKm of ozone m a vertical section 
of the atmosphere is equivalent to a layw of the pure gas of a thickness of 
4-2om.(atN,T.P.)* 

The results given in the tables below record the observations made with 
the Bighting tube when filled with oxygen containing different concentrations 
of ozone. The thiokneas of the layer of pure gas whkh is equivalent to this 
ooBoentiatlon is also given. 

* Klohok, ' Fliya. Bevww,* voL M, p. 497 Ct90eX 
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It ifl difficult to compai'e the colour of the gas m a tube of this nature with 
that of the sky on account of a large influence exerted by the nature of the 
illumination 

The results obtamed, however, indicate that the presence of ozone is a 
oontributmg factor to the blue colour 

This work is being extended with a view to determining more precisely the 
quantity of ozone in the upper atmosphere, its variation from time to time 
and with altitude, and its influence on the constant of solar radiation 

Summary. 

A method has been devised which enables an estimation to be made of 
ozone when at very high dilutions, and at temperatures down to —60°. With 
very dilute gases, the reagent used, consistiug of an aqueous solution of 
potassium iodide, enables a distmotion to be made between ozone and oxides 
of mtrogen, if the temperature is not below the fteezmg point of the reagent 
(-24°). 

By applying a source of light given by a mercury arc m a quartz vessel it 
was found that ozone is formed up to a certam equilibrium stage The rate 
of formation of the gas is only slightly lowered by the presence of water 
vapour, but decreases rapidly with falling pressure. 

By exposing air to the source of light used, no formation of oxides of 
nitrogen or hydrogen peroxide could be detected Estimations made of the 
quantity of ozone in the atmosphere at high altitudes in this country showed 
an average amount of 2‘6 x 10“* in one volume of air, and that no very large 
increase occurs between 6 kilometres and the highest altitude reached, viz. 
20 kilometres In the Alps, a mean value of 2*6 x 10“* was measured at an 
altitude of 2100 metres, and d^xlO"* at 8680 metres. Ko detectable 
amounts of oxides of nitrogen or hydrogen peroxide were found m eithmr of 
the last two oases It was found by coloiimetno measurements in the 
laboratory that this last amount of oecme gives a marked blue ooloitr, thus 
showmg that ozone must be regarded as a oontriboting factor in determining 
the blue colour of the sky 
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On the Diffraction of Light by Spheree of Small Relative 

Index. 

By Loiti) Baylbich, O M , F B 8 
(Keceived February 4, — Bead Febmary 26, 1014.) 

Ill a short paper “ On the Diffraction of Li^t by Partioles Comparable 
with the Wave-length,”* Keen and Porter desonbe ounous observations upon 
the intensity and colour of the hght transmitted through small particles of 
precipitated sulphur, while still in a state of suspension, when the size of the 
particles is comparable with, or decidedly larger than, the wave-length of 
the light The particles principally concerned in their experiments appear 
to have decidedly exceeded those dealt with in a recent paper.f wheie the 
calculations were pushed only to the point where the circumference of the 
sphere is 2 25 The authors cited give as the size of the particles, when 
the intensity of the light passing through was a minimum, 6 to 10 /», that u 
over 10 wave-lengths of yellow light, and they point out the desirabihty of 
extending the theory to larger spheres. 

The caloulationB referred to related to the parhoolar case where the 
(relative) refractive index of the sphenoal obstacles is 1 6. This value was 
chosen in order to bring out the peculiar polarisation phenomena observed in 
the diffhujted hght at angles in the neighbourhood of 90°, and as not inappro- 
priate to experiments upon particles of high index suspended in water. 
Z remarked that the extension of the calculations to greater particles would 
be of interest, but that the anthmetioal work would rapidly become heavy 

There is, however, another partioulur case of a more tiaotahle character, 
VIS., when the relative refraotive index is tmaU , and althoi^h it may not be 

* ‘Boy. Boa Froo.,' A, vol 88, p. 870 (1918). 

i- ' Boy Boo. Proe.,’ A, voL 84, p, S6 (1910) ; 'Bonntifto Bspen,' vol 6, p. M7 
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the one we should prefer, its disoussion is of interest and wonld be ezpeoted 
to throw some hght upon the geneltal course of the phenomenon. It has 
already been treated up to a certain pomt, both in the paper cited and the 
earlier one* in which experiments upon precipitated sulphur were first 
described. It is now proposed to develop the matter further 
The specific inductive capacity of the general medium being umty, that of 
the sphere of radius B is supposed to be E, where E— I is very small. 
Denotmg electric displacements by/, g, k, the primary wave is taken to be 

ho = e******, (1) 


so that the direction of propagation is along x (negatively), and that of 
vibration parallel to z The electric displacements (/i, gi, Ai) in the scattered 
wave, so far as they depend upon the first power of (E— 1), have at a great 
distance the values 


in which 


f a h — &L «*+/3*\ 


( 2 ) 

( 3 ) 


In these equations r denotes the distance between the pomt («, fi, 7 ) where 
the disturbance is reqiured to be estimated, and the element of volume 
(dxdgdz) of the obstacle The centre of the sphere B will be taken as the 
origin of co-ordmates. It is evident that, so far as the secondary ray is 
concerned, P depends only upon the angle which this ray makes with the 
primary ray We will suppose that = 0 m the direction backwards along 
the primary ray, and tliat % ss w along the pnmaiy ray continued. The 
integral m (3) may then be found in the form 

coa^)oo 8 »^d^, (4) 

r now denoting the distance of the pomt of observation from the centre of the 
sphere, Expandmg the Bessel's function, we get 

n_ 47rB*(E~l)e‘<-‘-*'>J'n_ m* m* m« 

3 1 2.6'^2 4 5 7“2.4 6 6 7 9 

"*’2468579 11 ” *}"’ 

in which m is written for 2 kBco 8 |;^. It is to be observed that ui this 
solution there is no limitation upon ^ value of B if (E— 1 )^ is negleeted 
absolutely. In practice it will suffice that (K->1)B/X be small, X (equal to 
2ir/k) being the wavelength. 

* <FhiL Mag vol IS. p. 81 (1681) s ' Sciantfile Papwa,’ vd. 1. p. 818. 
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These are the formulae previously given I had not then noticed that the 
integral in (4) can be expressed in terms of circular functions By a general 
theorem due to Hobson* 

01 (m cos cos* ^ = y/ J, (5») = . (6) 

so that 

P= -CK-l) 4irKs (7) 

in agreement with (5) The secondary disturbance vanishes with F, viz., 
when tan m =: m, or 

= 2^B cos J X = ’>• (1 4303, 2 4590, 3 4709. 4 4747, 5 4818, etc ) f (8) 
The smallest value of kVi for which P vanishes occurs when x = 0, t e in the 
direction backwards along the primary ray In terms of X the diameter is 

2E = 0 715X (9) 

In directions nearly along the primary ray forwards, cos |x ^ small, and 
evanescence of P requires much larger ratios of E to X. As was formerly 
fully discussed, the secondary disturbance vanishes, mdependently of P, in 
the direction of primary vibration (« = 0, /S = 0) 

In general, the mtensity of the secondary disturbance is given by 

/>>+».■+*.' = ( 10 ) 

in which Po denotes F with the factor omitted, and is a function of x> 

the angle between the secondary ray and the axis of x If we take polar 
co-ordinates (x, loiind the axis of •(., 

l_8m»xco8*^, (11) 

and the intensity at distance r and direction (x, 4>) ^ expressed m terms 

of these quantities In order to find the effect upon the transmitted bght, 
we have to integrate (10) over the whole surface of the sphere r Thus 

x {l-hm*-h(TO*— l)cos2»»— 2«»sm2m}. (12) 

* 'Loud Math Soc. Proo.,'vol S»,p 71 (1893) 

+ See 'Theory of Sound,* § S07 
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The integral may be expressed by ipeans of functions regarded as known 
Thus on integration by parts 
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Accordingly^ if m now stand for we get 
r* j j Bm C/i* +?i* + /ti*) 
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If m IS small, the { } m (13) reduces to 

0 + 0xm*+-^m^ 

so that ultimately 

(13) =r V^^A^R«(K-1)». (14) 

in agreement with the result which may be obtained more simply from (5) 
If we molude another term, we get 

(13) = ^7r^**R«(K-‘l)•(l-^^*) (15) 

As regards the definite integral, still written as such, m (13), we have 

^ ^ _ J ^ ^ ,y+l^(2m)~Ci(2m). 

(16) 

where 7 is Euler’s oonstant (05772156) and Ci is the coeme>uitegi»I, 
defined by 

Oi(«) = |*S^rf* (17) 
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As in (16), when x is moderate, we may use 

Ci(aO = y+logx-J ^2 + i fTT4“‘ * ’ 

which 18 always convergent When x is great, we have the semi-oonvergent 
senes 

Fairly complete tables of Ci (a.), as well as of related integrals, have been 
given by Glaisher * 

When VI is large, Ci (2»i) tends to vanish, so that ultimately 
f“l— C08 2m, ,, \ 

J m = 7+10!? (2»0 

Hence, when A;ll is large, (13) tends to the form 

(13)« (20) 

Glaisher’s Table XII gives the maxima and minima values of the cosine- 
integral, which occur when the argument is an odd multiple of Thus — 


« 

Cl (Mw/a) 

n 

Oi{nwl%) 

1 

-t-O 4780007 

7 

-0 0698640 

3 

-0 198407S 

e 

•l-O 0700688 

6 

•t-0 12377S8 

11 

-0 0876011 


These values allow us to calculate the { } m (1.3), viz , 

( 21 ) 

when 2m = nw/2, and n is an odd integer In this case cos 2m ss 0 and 
am 2m s ± 1, so that (21) reduces to 

- W ± [■r+l08(.-/2)-C.(«-/2)] (22) 

We find 


II 

(M) 

« 

(«) 

1 

0-0680 

7 

88 440 

8 

8*718 

0 

48 882 

8 

10 ’684 

rj 

11 

86*068 


E 2 


'* 'Phil Trans ,* vel 160^ S6T (M70), 
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For values of n much greater, (22) .is sufficiently represented by n%*/16, 
or m?, simply It appears that there is no tendency to a falling-off in the 
scattenng, such as would allow an increased transmission 

In order to make sure that the special choice of values for m has not 
masked a periodicity, I have calculated also the results when n is even 
Here sin 2m s= 0 and cos 2m = ±1, so that (21) reduces to 

The following are required — 


• 

Oi(ii«/2) 

•• 

Ci(mwl2) 

2 

•fO 0788 

8 

-0 0061 

4 

-*0 0224 

10 

<l-0<00i0 

6 

+ 0 0106 




of which the first is obtamed by interpolation from Glaisher’s Table VI, and 
the remainder directly from (19) Thus — 


n 

(88) 

n 

(23) 

2 

0 7097 

8 

82 aJ6 

4 j 

fl 1077 

10 

63 477 

6 I 

lb 160 




The better to exhibit the course of the calculation, the actual values of the 
several terms of (23)^wfaen n s 10 may be given We have 

112 


-0 11348, 
64 


16 


s 61 685, 


4~ ^ s 4-006485 « 3 93515, 

7+log(7r/2)+logn-Ci (n7r/2) » 0 57722 + 045168 + 230259 -00040 

s 13094, 


so that 


^4-j^j{7+log(7wr/2)-Ci(«w/2)} =» 13094 


It will be seen that Drom this onwards the term n*w*/16, vie, m*, greatly 
pr^nderates , and this is the term which leads to the limitmg form (20). 

The values of 2B/X concerned m the above are very moderate. Thus, 
n mt 10, making m ss 4wIt/X s> lOfr/4, gives 2B/X s 5/4 only. Neither 
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below this point, nor beyond it, is there anything but a steady rise in the 
value of (13) as X dimmiBheB when B is constant A fortton is this the 
case when B increases and X is constant. 

An increase in the light scattered from a single sphencal particle implies, 
of course, a decrease in the light directly transmitted through a suspension 
containing a given number of particles in the cubic centimetre The 
calculation is detailed in my paper On the Transmission of Light through 
an Atmosphere oontoimng Small Particles in Suspension, and need not be 
repeated It will be seen that no explanation is hero arrived at of the 
augmentation of transparency at a certain stage observed by Keen and 
Porter The discrepancy may perhaps be attributed to the fundamental 
supposition of the present paper, that the relative index is very small, 
a supposition not reahsed when sulphur and water are in question But I 
confess that I should not have expected so wide a difference, and, indeed, 
the occurrence of anything special at so great diameters as 10 wave-lengths 
IS surpnsmg 

One other matter may be alluded to It is not clear from the descnption 
that the light observed was truly transmitted in the technical sense This 
light was much attenuated — down to only 5 per cent Is it certain, that it 
contained no sensible component of scattered light, but slightly diverted 
from Its original course ^ If such aduiixture occurred, the question would 
be much complicated 


♦ * Phil Mag vol 47, p 376 (1899) , ‘ Scientific Papers,’ vol 4, p 397 
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The Rate of Solution of Hydrogen by PaUadtum 
Bj Alfrkd Holt. M A , D Sc 

(Communicated by Dr 6 T Deilby, FBS Becoived February 19, — Bead 

March 12, 1914 ) 

(From the Muapratt Laboratory of Fbyaieal and Electro-Qhemiitry, Univemt} of 

Liverpool) 

In two recent conimanications* the view has been advanced that in 
hydrogen-palladium the dissolved gas cannot be regarded as homogeueoualy 
distributed, and that solution takes place through the medium of an 
amorphous metalhc phase which acts as a vehicle foi the transference of 
gas to the crystalline metal Experiments have been described from which 
it 18 concluded that m hydrogen-palladium one is dealing with a case of 
simultaneous adsorption and solution (or sorption), smee as soon as any gas 
IS adsorbed solution b^ins through diffusion from the adsorbed layer 

The adsorption equilibrium would be rapidly established, too quickly, 
perhaps, for any record of its rate to be measured, but could such observa- 
tions be made it might be expected that the following relation would 
hold — 

dt/dt =s AC", 

where C is the concentration in the adsorbed layei and k and n constants 
depending on the nature of the adsorbent and the substance adsorbed, the 
rate of adsorption of a gas at constant pressure varymg with the concentra- 
tion of the gas in the adsorbed layer. If, therefore, Uie adsorbed layer is 
maintained at constant concentration by surrounding it with an unlimited 
supply of gas at constant pressure, the rate of mward diffimon from it could 
be measured Thus a complete rate of solution curve should consist of two 
portions, the first representing adsorption and the second inward diffusion, 
the two coinoidmg when tlie rate of adsorption equals the rate of diffusion 

Should there be no adsorption, or should the dispersivity be so great that 
the metal may be regarded entirely as surface, then only one phenomenon 
would be present, and a curve representing the rate of solution of gas should 
show no discontinuity of curvature It might, of course, be impossible to 
observe the changes of rate with concentration for the initially adsorbed 
gas, since adsorption is usually regarded as an exceedingly rapid process, and 

* Holt, Edgar, and Firth, ' Zeit Phys Ohem ,* vob 6S, p 0 (1913X and Andrew and 
Holt, 'Proe Koy Soe,’A,vol 89, p 170(1913). 
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hence a smooth rate-oonoentration curve need not necessarily imply the 
absence of all but one phenomenon 

It has already been mentioned that there is evidence that solution of gas 
takes place through the intermediary of an allotropic and probably amorphous 
phase of the metal The solubility of hydrogen in this phase (which 
throughout this paper will be called a-palladium, the other phase being 
called /3-palladium) may be far more rapid than in the stable )8-vanety, 
tliough the solubility of hydrogen in the two forms may be nearly the same. 
Wore this the case, then a rate*concentration curve should at first give 
values for the solution in a-palladium until this rate had decreased to and 
equalled that in the /9-modihcation, the subsequont portion of the curve 
representing the change of concentration per unit time in this latter form 
of the metal 

The graphs obtained under these conditions would resemble in their 
general form those for simultaneous adsorption ami solution, except that the 
first portion of the curve would be more drawn out, smee it is highly 
improbable that saturation of a-palladium would take place as rapidly as 
true adsorption There is, however, no real distinction except in degree 
lietween the two cases. If one imagines the a-metal as a film on a mass of 
the /9-form, then if the rate of solution of gas in a- and /8-palladium is very 
different, the phenomenon of adsorption might be simulated 

in the present communication an attempt has been made to determine the 
rate of solution-concentration curves for hydrogen at constant pressure in 
different forms of palladium and undei different conditions, in order to 
investigate further the phenomenon of the solution of hydrogen in this metal 
The apparatus employed is illustrated m fig 1. 

The palladium was contained m the bulb A which, by means of the three- 
way tap B, could be put into communication either with the pump, or with 
the supply of hydrogen, or with the long tube CD, which ended in the 
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reservoir F, and was filled with a kguid paraffin of low vapour pressure 
The tube CD had a uniform boro of about 4 mm , and was somewhat more 
than 400 cm m length It was graduated throughout its entire length, and 
was somewhat raised at one end so as to ensure a sharp meniscus to the 
liquid running up it. 

The method of conducting an experiment was as follows * — A weighed 
amount of metal was sealed in the bulb A. and, the reservmr F being empty, 
the air through the apparatus was at atmosphenc pleasure The tap K was 
then closed, and B turned so as to permit the evacuation of the space HKB 
by the pump This bemg accomplished B was further turned, and the dead 
space in A evacuated, its volume being determined by reducing the collected 
gas to N T P The taps H and B being now shut, hydrogen was allowed to 
fill the space HKB, A meanwhile remaining evacuated The reservoir F 
being now filled with liquid, £ was opened, and a stream of hydrogen passed 
through CD for several hours so as to displace completely the air it con- 
tamed Finally the tap K was shut, and the position of the liquid in CD 
bemg noted on the scale, B was turned so as to place the metal in contact 
with the gas in CD 

The liquid at once moved rapidly along the scale on account of the vacuum 
m A, but the volume of the dead space having been determined in terms of 
scale divisions along CD, the point at which readings of the rate of solution 
could be commenced was at once ascertamable 

The rate measured was the time taken by the liquid to travel one division 
on the scale, and determinations were made throughout its length at pomts 
representing known concentrations of gas in the metal. The gas was 
maintained at an almost constant pressure dunng the experiment, smee the 
diameter of the reservoir F was so great that the total volume of liquid 
required to fill the tube CD did not alter the surface levd by more than a 
few millimetres, and the specific gravity of the paraffin employed bemg 
somewhat less than that of water, the small apparent error ansing from 
changes m the level of the liquid in F was diminished. 

The solution of gas in the metal caused a nse of temperature m A which 
operated in two ways, on the one hand hastening the rate of occlusion by 
heatmg the metal, on the other hand expanding the gas in A and causmg a 
check to the rate at which the liqiud would travel along CD The former 
of these effects was obviated as far as possible by plaomg A in a water-bath 
at constant temperature, while the latter was rendered quite negligible by 
making the dead space in A so small m comparison to the volume of CD 
that any expansion of the small volume would have no material effect on the 
total volume of gas m the apparatus 
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A further source of error might anse Irotn the viscosity of the liquid 
oaUBing a lag lu the rate of its advance along the scale during a period of 
rapid occlusion of gas Some expenments were therefore earned out with 
different liquids, but though the viscosity has an undoubted effect in any one 
experiment, it caused little error in the relative values of a senes. 

The following tables contain a summaiy of the results obtained with 
palladium black, very thin foil 0 004 mm , and foil about 0 2 mni thick 


Table I — Palladium Black Temperature 15® C 


(1) 

(*) 

Volume of gas ooolnded 

Time for one diTieion { Volume of gas occluded 

Time for one diTiBiou 

bjr 1 Tol of metal 

of scale 

by 1 Tol of metal 

of ecale 

112 

fteoB 

0 3 

112 

*^3 

102 

0 0 

162 

0 6 

212 

1 6 

212 

1 8 

282 

2 6 

262 

8 2 

262 

4 2 

282 

4 5 

272 

8 6 

312 

11 0 

282 

21 -0 ' 

832 

82 0 

812 

48 0 




Table II — ^I'oil 0 004 nun thick 


Temperature 16^ C { Teinpemture 83^ C 


(1) 

(2) 

(») 

Volume of gaa 

Time for one 

\olame of gai 

Time for one 

Volume of gaa 

Time for one 

occluded b^ 

dinaion of 

occluded by 

divimon of 

occluded by 

diTiBion of 

1 Tol of metal 

scale 

1 vol of metal 

eoale 

1 vol of metal 

eoale 


•eoB 


sees 


aecB 

11 

8 0 

6 

1 0 

11 

0 6 

28 

4 6 

22 

4 0 

88 

1 4 

88 

6-6 

88 

4 8 

65 

1 8 

56 

6*6 

65 

6 2 

77 

2 4 

88 

7-0 

88 

10 -0 

00 

2 6 

121 

7 4 

99 

11 6 

121 

a 2 

148 

8 0 

110 

16*0 

143 

4 4 

176 

8 2 

121 

10 0 

165 

6*0 

809 

9*0 

182 

28 0 

187 

8*0 

820 

06 



209 

IS 6 

242 

10-6 





264 

18 6 





266 

16 0 





808 

28*0 





880 

87 0 
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Table III — ^Foil »bont 0*2 mm thick 




Temperattfjre 16*' C 



Temperature 70” 0 

(1) 


(8) 

(8) 

(4) 

Volume of 

Time for 

Volume of 

Time for 

Volume of 

Time for 

Volume of 

Time for 

ga* 00 , 

eluded by j 
1 Tol of 
metal ' 

one 

diTimoa of 
scale 

ttjM oo* 
eluded by 

1 Tol of 
metal 

one 

diTision ol 
scale 

gas oc- 
cluded by 
1 Tol of 
metal 

one 

division of 
scale 

gasoc 
eluded by 

1 vol of 
metal 

one 

division of 
scale 


sees 


sets 


secs 


SACS 

40 

8 0 ; 

40 

18 -0 

40 

32 8 

40 

6 4 

74 ' 

8 0 1 

74 

IS 2 

74 

66*0 

74 

7 2 

108 

10 4 

108 

J4 0 

108 

67 4 

142 

7 6 

143 

12 4 

176 

16 8 

142 

76 4 

376 

8 2 

210 

16 0 

210 

16 8 

176 

88-0 

2X0 

9 2 

244 

16 0 

244 

18 4 

210 

06 0 

244 

9 4 

] 278 

16 9 

278 

19 2 



< 278 

10 6 

812 

17-9 

812 

' 20 4 



1 312 

1 12 6 

340 

39 4 

840 

23 0 



1 346 

1 14 0 

880 

22 4 

380 

26 8 



' 380 

I 15 8 

414 

26 6 

414 

29 4 



1 414 

18 4 

482 1 

80 e 


i 



1 448 

22 0 







1 616 

41 0 


Table IV — Foil about 0 2 mm thick 


Metal fooled in hydrogen after heating { 

Metal cooled in hydrogen after heating 

in eactto. 

in hydrogen 

Volume of gas occluded 

Time for one division 

Volume of gas occluded 

Time for one division 

by 1 Tol of metal 

of scale 

by 1 vol of metal 

of scale 


secs 


sees 

40 

4 2 

6 

6 8 

74 

4 4 

40 

6-6 

108 

6 8 

74 

14 2 

176 

12 6 

108 

76 0 

210 

22*0 

123 

108 0 

244 ! 

! 28 4 



278 

1 82 0 



812 

; 38 4 



346 

1 87 6 



380 

42 2 



414 

1 ® ! 

1 ’ 

1 



By the uee of the metal m difTereut states it was hoped that any effect due 
to variation of dispersmty might be detected, while pallsdium black served 
also to form a comparison between «- and )3>metal, nnoe the black was 
believed to consist mainly of the et>form 
In the preoedmg tables only one specimen of palladium black and thick or 
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thin foil was employed for the vanous experiments with each form of the 
metal 

The data contained m the above tables are repiesented by graphs m figs 2 , 
3, 4, and 6, which correspond with Tables I, II, III, and IV respectively, but 
for convenience in arranging the curves the values for Nos 2 and 3 in fig 3 
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have been increased in each case by 10 seconds above the times in Table II, 
while No. 3, fig, 4, is plotted in half values 
An examination of these graphs shows that at ordinary temperatures 
(15° C) there is, except in tiie case of palladium black, a more or less 
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pronounced deflection of the curve, not, however, always oomoiding with 
a constant concentration of gas in the metal 
The curves may be considered as composite, two of similar general form 
bemg partially superimposed Thus in the case of thin foil the initial portion 
may be taken to represent the region where the first curve merges mto 



VoL of gas oooluded by 1 voL of metal 
Fie 4 

the second, the graph consistmg almost entirely of this latter, whilst for 
thick foil, the break between the two curves occurs more towards the centre 
of the figure 

It could, perhaps, be argued that the change of curvature is so dig^t that 
It might well arise from errors m observation, but agamst this view must be 
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set the fact that no deflection occurs with palladium black, whereas with the 
other forma of the metal there is no curve but exhihita it to some extent 
These curves cannot be expressed by any simple formula, but the relation* 



Fia. 6 , 

ship between the rate of occlusion and the total concentration of gas in', the 
metal appears in general to be represented by such an expression as 

de/dt a KO 

where » is not a constant, but varies as a fnnotion of C Neither has n a 
constant value for any particular form of the metal, for in the tables of rate 
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values given above it is seen that with the same S2>ecinien of metal verjr 
difTerent rates are obtained 

This vanation of rate for the same sample of palladium is no new observa- 
tion, but taken m conjunction with the fact that n in the above expression 
vanes also with C, precludes the possibility of representing the curves by any 
simple expression which has a definite physical meanuig 

Since 11 IB not a constant, no information as to the molecular condition 
of the dissolved gas is obtained from the rate of solution values, but the view 
of Travers and Zachanas that one is really dealing with a diffusion column 
appears to receive support The phenomena can be imagined as follows — 
Initiallyi a cortam amount of condensation on the exterior of the metal may 
take place very rapidly, far too quickly, indeed, to be detected by the methods 
employed in this investigation The surface of the metal possessing, how- 
ever, a very porous and irregular structure, an appreciable time would be 
taken by the gas to diffbse mto its interstices, this diffusion representing the 
initial portion of the curves for palladium foil Smee, however, after a 
sufficiently long time has elapsed, gas is found in the intenor of the metal, 
it must be assumed that a more mtunate kind of solution must take place 
immediately beneath the surface Here the gas would no longer lie merely 
penetiating into the fissures between metallic grains but would be actually 
entering the grains themselveH, passing into solution, for solution and intra- 
molecular diffusion in such a case as this are the same This would represent 
the second portion of the rate of solution curves 

For convenience, we may call the initial phenomenon surface diflViBion and 
associate it with «-palladium, and the second solution in the /9-inetal, and in 
both cases the rate would diminish with increasing total concentiation of gas 
m the metal, since the smaller and moie sinuous the passages became into 
which the gas was passing, the longer would be the time taken, and to the 
diffusion effects would be added those of transpiration A simple loganthmio 
relation between the rate of solution and concentration of gas within the 
metal could therefore hardly be expected 

Any attempt to explain the observed phenomena of the rate of solution 
must, however, take cognisance of the fact that, so far as is known, the 
pTessure-temperaturo concentration delations of hydrogen in palladium do 
not greatly change with different forms of the metal (the experiments of Faal 
and Gemm*^ on colloidal palladium excepted), and that palladium black is 
always active towards hydn^en, whereas the stable condition of the ciystalline 
metal is nearly inactive If, however, to the hypothesis of surface diffusion 


* ‘Bw/vol 4I,p.8(»(ld06) 
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and solution is added that of an »• and /9-form of the metal, the observed 
phenomena can be explained 

In order to account for the constancy of the temperature-pressure- 
concentration relations, it must be assumeil that to eaob molecule of metal 
can lie associated a certain definite quantity of hydrogen, such quantity 
varying with the pressure and temperature of the gas The gas may be 
regarded as a skin on the metallic particles. Now, if these particles are 
arranged haphazard, it will be far easier for the gas to diffuse among them 
and saturate them than if the particles were dose {wcked in some 
crystalline orientation In palladium black, which is believed to be 
amorphous, the particles proliably possess little regular arrangement, so the 
most favourable condition for rapid saturation is presented, and, unless the 
particles become close packed through crystallisation, there is no reason why 
the activity or power of rapid saturation of the metal should diminish 
The more completely crystalline the metal, the greater should be the 
difficulty experienced by the gas in entermg it, a fact of common observa- 
tion , a-palladium is therefore imagined as the form with the least regulaily 
orientated and close-packed particles, /9'palladium being truly holoorystalline, 
but the actual phenomenon of solution is the same in eitbei case 

If in palladium black tlie particles are loosely and irr^ipilarly arranged, 
there would be little, if any, distinction between surface condensation and 
intramolecular diflusion, the interstices of the surface becommg narrower 
and narrower and more and more sinuous, till they became spaces between 
irregularly arranged metallic particles Hence a rate of solution curve 
should show no break 

When, however, the gas, after condensing m the surface irregulanties, 
finds itself in contact with metal, the particles of which are in the mam 
close packed, the rate of diffusion would change. 

It appears from a large number of exjieiiments that the deflection of the 
rate curve occurs almost invariably after the metal has been exposed to the 
gas for about the same interval of time, and that it does not depend on the 
amount of gas already dissolved In a senes of nme experiments with thick 
foil, in which the rate of solution vaned greatly from one expenment to the 
next, the time interval before the deflection was found to vary faom 13 to 
16 minutes, with a mean value oi about 15 mmutes Assuming the view 
that solution of gas depends on the pnmaiy saturation of a-palladium, it 
most be concluded that, after about a quarter of an hour, the rate of solution 
of gas by the e-fonn equals the rate at which /9-pallBdium receives gas by 
difffision from that vanety If the «-phase was uniformly exposed to the 
gas at constant presaure, it would acquire a definite aatoxaUon m a defimte 
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time, quite irrespective of the amount of phase present, for the actual volume of 
gas absorbed would increase in direct proportion to the amount of the a-phase. 

It is improbable that thermal effects arising from the condensation of the 
hydrogen have any marked effect under the conditions of the expenment, as, 
owing to the fact that the bulb containing the metal was kept m circulating 
cold water, its temperature scarcely rose except dunng the first two or three 
minutes 

Tummg now to the curves in which the metal was allowed to cool in 
hydrogen, two distinct types are observed, according as the metal had 
previously been heated, either tn vaem or m the gas When the metal 
which has been heated tn laeuo to a dnll red heat, and to whidi hydrogen 
has been admitted at this temperature, is allowed to cool m the gas, carves 
very similar to those already described are obtained. A deflection in this 
curve has always been observed When, however, the metal, after previous 
saturation with hydrogen, is heated and then allowed to cool in the gas, 
there is no indication in the rate of solution curve of any irregularity The 
rate falls extremely rapidly, though after a long enough mterval of tune the 
same amount of gas may in each case be retained by the metal 

The hypothesis already put forward provides an explanation ot this 
difference in behaviour When the metal is heated m the gas, after initial 
saturation in the cold, hydrogen is evolved, but the palladium still remains 
saturated, the solubility of gas decreasing with nse of temperature, so that, 
when the metal is allowed to cool, it is already saturated, though the actual 
volume of dissolved gas is but small It appears probable that this gas is 
dissolved in the /9-metal, for on cooling either this saturated palladium, or 
metal to which hydrogen has been admitted at a dull red heat, the initial 
portions of the solution curve are very similar, and are charactensed by a 
rapid dimmution of rate. Now in this latter case the solution curve again 
shows a deflection, the phenomena being the same as dunng solution in the 
cold, where the a-phase is the initial solvent 

The full cycle of the solution phenomena dunng beating and cooling may 
be imagined thus Palladium in the cold first dissolves gas in its and then 
in its /9-phase Eventually there is complete saturation. On heating, gas 
IB evolved though the metal remains saturated as regards the /9-phase 
Solution again occurs in the a-phase on ooohng, but the metal already 
containing a large volume of gas, the diffhsion from the a- to the /9-pha6e 
IS so slow that It does not produce any marked irregulanty in the rate 
curve When, however, hydrogen is initially admitted to the hot metal 
solution first takes place in the a- and subsequently in Uw /9-idiase exactly 
as during solution in the cold. 



Funct%oiial Equation employed by Sir George Stokea 237 

If difiuBion from the or to the /9-phase is slow uuder even favourable 
circumstanoes, it follows that il the /S-phase already contains gas the rate 
may become almost unmeasurable, ior, as has l)eon shown m this com- 
munioation, a small change of concentration may produce a great change in 
the rate of solution 

There appears, therefore, every leason to su]>pose that the solution of 
hydrogen by palladium is a phenomenon quite aualogouH Uy the cases ot 
sorption of gases by other solids, such as chaicool uiid celluloid, which 
have already been oxamuied by vanous authors 

CmiUtmm 

The late of solution of hydiogon by palladium is not a simple function ol 
the concentration of gas in the metal The rate curves consist of two 
portions (cxce2>t in tho otisc of jialladium block), wtiidi have been 
interpreted as releriing to solution lu two diflcrent fuinm of tlio metal 
The smooth rate curve ioi pulladuuit black is taken to mean tlio almost 
complete absence of one of tliese forms 


Note on a Fumttonal Equation employed by Sir George Stokes 
By Sir Jambs Stikung, FKS 
(Boceived February 24, — Read March 12, 19U ) 

1 In a papei by Sir Georgo Stokes "On tho Intensity of the Light* 
Reflected from oi Transmitted through a File of I^lates,”* tho author 
forms and solves two functional equations, vis — 

♦(».+») = ( 1 ) 

The qrmholB m, n leproaent, as was required by the object of the paper, 
poutive integers , but in the course of tho investigation lio deals with th<»n 
as contmuoos variables, solves the equations (1) and (2) on that footing, and 
iiaally verifies the equations when m, n twe integers The two equations are 
treated as independent, and the results are thus exineBsad, 


ainm/8~ Binflf ~ ' 

* PublUied m * Roy» See Proc.* for 1868 , see hu ' Math and Pbyo. Papers,' voL 4, 
pp 146 , 148 , 149 
VOU XO— A, 
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where a, ^ are constauts. In what follows m, % will be taken to be ordinary 
continuous variables. 

2. The mam object of the paper *of Sir George Stokes is physical, not 
mathematical , and the purpose of the present note is to call attention to 
some mathematical points not explicitly dealt with by him, viz * — 

(a) The two functional equations are not independent, equation (2) being 
capable of bemg deduced from equation (1) , 

(i) The results (3) may bo amvod at from equation (1) alotie, and constitute 
thegenoml solution of that equation. No such general solution of equation (2) 
has been obtained 

3. If equation (1) be differentiated with respect to n, the result, after some 
obvious reduofaons, is 

If m and n be mtcrclianged m the last equation, the result is 

f (m + n) = (6) 

BO thttt =-A., a couMtanl, 

or =s A^'(m)L (6) 

Hence (ffi +»)}* = (m+»), 

[1^(4)] = Af 

[by (6)] = 

and theieforo 

1— 9W^(«) 

whioli IB equation (2), with an ambiguity of sign This ambiguity also 
anses in the eourse of Sir George StokuH’ uivestigation and is dealt with 
by him. 

It follows that ovoiy value of ^ (m), ^ (m), which satisfies et^iuition (1) 
satishes also equation (2) ; but it is not necossaiily tiue that every value of 
^m), which satiafieB equation (2) also satisfies equation (1) 

4 If now in equation (1), and that denvcd from it by interchanguig m, n, 
there be substituted for {^ (»)}*, their values A^'(m), A^'(a), it 

appears that 

whioh, when multiplied on both sides by 1— ^(m)^(A), beoinnes 
or 

A^'(m)}-^(n){l--A^'(m)}— ^(»)} m 0, 
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whence a (w) s a constant, 

which (after Sir G Stokes) may be written 2 cos and consequently 

(m) = A"* [{^ (m)}*— 2 cos (m)+ 1], (7) 

a dififerential equation identical in form with that ultimately arrived at by 
Stokes, hiB constant /8 standing for sin » * The results (3) are obtained 
by integrating this equation. A fresh constant is thus introduced, and 
its value IB to be found by ascertaining the value of ^(0). If in equation (1) 
the value 0 is assigned to n, it appears that 

whatever m may be , and consequently, %n general, the value of ^0) is zero 
The results (3) are thus deduced from equation (1) alone, without recourse 
to equation (2) 

5 The solution of the two functional equations was proposed Sir George 
Stokes in a Smith's Prize Examination Paper for 1860, f and was uitroduced 
as an example into Boole's * Finite Differences ’ , but the values of ^ {x) and 
^{x) given in that work are deficient in generality. This defect, it is right 
to say, is not attributable to the late Professor Boole 

* See * Math, and Fhys Papers,* vol 4, p. 149, equation (10) 
t See * Math and Phya Papers,* toI 5, p 334, Question 14 
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A Detemunatiov. of the. ElecirorM>i%ve Force, of the Weston Normal 
Cell m Semi-cibsoliUe Volts 

By A Noruak Shaw, M Sc , 1851 Exhibitioner and King Iteaearch Fellow 
of McGill University, Montreal 

(Communicated by Prof H L Gallondar, F K S Beceived November 1,— 
Bead December 11, 1913 ) 

(Abstract ) 

Accounts of several absolute determinations of current have been pab> 
lished in recent years, but the agreement between the various results has 
not been quite os close as the accuracy of the work demanded This paper 
presents the result of a determination performed with the aid of a modified 
form of the bifilar Weber electro-dynamometer As this instrument has 
not been employed in any of the recent determinations, the result has the 
force of a determination by a new method The former obstacles to a 
precise use of this type of dynamometor have been oveiconie, and it is 
claimed that the absolute accuracy of the value of the electromotive force 
of the normal Weston standard cell has been considerably mcreased b} 
thu investigation 

Tlie electro-dynamometer was constructed by Kalder, but several funda- 
mental changes liave been made in its design It was originally set up by 
Mr B. 0 King under the direction of Prof H L Callendar, and the work 
by Ejn(^ has been fully described by Callendar, who made important changes 
in the design of the instrument at that time* Preliminary observations 
were obtained by B 0 King for the electromotive force of tlie old Board 
of Trade form of crystal Clark cell, and it was intended that more accurate 
work should be obtained later. It was suggested by Prof Barnes tbnt the 
writer should complete this investigation, and thiough the generosity of 
Mr B. 0. King, a Fellowship was provided which enabled him to devote a 
year almost without uitemiption to the research 

The pai>er is divided mto thd following sections — 

l*Tefaoe by Prof H L Callendar, FBS 
I Introduction 

II The Theory of tlie Kleotro-dynamometer 

III The Dimensions of the Fued Coils 

IV The Batio of the Badu of tlie Fixed and Suspended Coils The 

Dimensions of the Suspended Coils 
V. The Calculation of the Dynamometer Constants 

* Callendar, ‘Phil Tiaoe A, vol 199, p 59 (1908) 
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Electromotive Force of the Weston Normal CeU. 

VI The Bifilar Suspetisions and the DetemmaUou of their Directive 
Force 

VII The Deflection Observations 

VIII The Kesistances 

IX The Batio of the Currents dunng the Inflection Observations 
X Tlie Standard Cells 

Xr Magnetic and Insulation Tests 

XII The Electromotive Force oi the International Mean Weston Normal 
Cell 

Append%x — Note on tlie Calibration of the Kelvin -Varley Shde for 
j^ccurate Electrical Measurements 

In the second section the general theory of the matrument is developed 
and the formulae which may lie applied in its use are given It is ezplamed 
how certain sources of error which appeared in the early use of electro- 
dynamometers have been eliminated 

The third section gives an account of the original determination of the mean 
radius of the fixed coils and also the method of oblainmg the mean distance 
between the planes of the fixed co^s 

The theory and method of measuring the mean radius of the small coils by 
electromagnetic oompanson with the laige coils is outlined in the fourth 
section This is one of the most difficult parts of the investigation and nearly 
400 observatiuiiB for various quantities are involved m the final mean It is 
thought that an accuracy of one part in a hundred thousand is obtained 

The calculation of the dynaniometei constants is summonsed m Section V 
and the numerical work indicated 

In the next section a description of the bifilai suspensions is given and an 
account of the determination of their directive force The development of a 
method leadmg to greatly increased accuracy m the use of biblar suspensions 
IS presented partly in this and partly in the following section, and it is con- 
sidered that this part of the investigation has been earned out with an 
accuracy consideiably greater than one part in a hundred thousand 

In Section VII a full account will be found of the deflection observations 
obtamed when making the final measurements The mean value involves 
290 deflection readings, and the following figures show how closely the mean for 
certain definite sets of deflections can be repeated. The figures are obtamed 
with a complete reoc^ustment of the circuit and general conditions in each case 

84 656 cm 84 657 mn 

84-655 „ 84-667 „ 

84656 „ 84-656 „ 

T 2 
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Electromotvoe Force of the Weston Normal CelL 

In this section details are also given of the optical arrangements, the 
electrical connections and the application of certain impoitant corrections 

The standard resistances are described in Section YIII Their \alue was 
checked by a comparison with the standards in the Bureau of Standards at 
Washington* 

Section IX deals with the ratio of the currents m the two systems of coils 
during deflection observations. This ratio was measured by means of a 
Kelvin-Yarley slide which had been specially calibrated for refined measure- 
ments Thermal and contact effects wore eliminated and the lequired 
accuracy was easily assured 

The standard cells are discussed in Section X. Comparisons weie made 
with cells at tlie Bureau of Standards at Washington in 1908 and 1909, and 
witli those at the National Physical Laboratory at Teddington in 1909 and 
1912 It has therefore been possible to express the mean of our cells m terms 
of the intei national mean for the Weston normal cell 

Insulaliou and magnetic tests are outlined in Section XT, and the final 
value for the electromotive foice of the international mean Weston normal 
cell 18 given m Section XII This is found to be 

1 01831 semi-absolute volts at 20° C 

Some notes on the calibration and use of the Kelvin- Yarley slide for very 
refined measurements are given in an appendix 
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On the Mercury Green Line X — 5461 Resolved by Glass and 
Quartz lyummer Plates and on its Zeeman Constituents 
By J C McLrmnan and A li McLkoo, University of Toronto 

(Communicated by Sir Joseph Larmor, F R S. Received December 9, 1913, — 
Received in revised form February 9, — Read March 12, 1914 ) 

[Platss 3 Avt> 4 ] 

Numerous investigators have studied the structure of some of the finer 
lines 111 the mercuiy arc, and other spectra, with ruled gratings, (kihelon 
B].ieotroBCope8, and Luminer plates, but up to the present when Lnmnier 
plates and eclielons were used these were luvanably made of glass A short 
time ago a Lummer plate of crystal quartz was maiie for the Physical 
Laboratory at Toronto by tlio Adam Hilger Company, for the mvestigation 
of the structure of some of the finer lines m ultra-violet spectra , hut before 
proceeding to use it for this purpose some measurements were made wit^ it, 
and with two Lummei plates made of glass, on the wave-lengths of the 
satellites of the mercury green 'hne X = 6461 A U At tlie same tune 
a precise method of measuring up the photographic fnnge patterns produced 
by Lummer plates has been developed in which the geometrically central 
line of the doable fringe pattern is taken as the hne of reference in the 
measurements This exact formula permits of the use of the fnnges that 
emerge from the plate at nearly grazing direction, for which the dispersion 
IB the greatest The following paper contains an account of the investiga- 
tion and includes the values of the wave-lengths of the satellites of the 
green line as deduced by the application of the method to which reference 
lias just been made The quartz Lummei plate, it may be added, was cut 
with the axis of the crystal parallel to the plane refracting surfaces and 
per^iendioular to tiie length of tlie plate 

The source of the light used in the mvestigation was one or other of 
a number of ordinary Gooper-Hewitt mercury-are lampa The light was 
passed through the collimator tube of a spectroscope and then into the plate 
m the usual manner 

In studying the stnioture of the line the Lummer plates were always 
placed with their plane parallel faces vertical so that the hght which issued 
from both plane faces was available for the prodnetion of the fnnge pattern 
The light as it issued from the plate was allowed to fall upon the lens of 
a camera placed behmd the Lummer plate, with the central plane of the 
lens perpendicular to the Lummer plate and its principal axis directed 
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along the central plane of the latter By this arrangement the beams of 
parallel rays which issued at grazing emergence from both sides of the 
plate were brought to a focus in the line in which the central plane of the 
Lummer plate cut the focal plane of the lens while beams vvhich issued in 
directions inoliued at an angle to the ] 0 ate were hi ought to a focus in the 
focal plane eithei to the nglit or to the left of the central line according as 
they issued from one side or the other of the Lummer plate 
Photographs taken in this way of the fringe pattern pioduced by the 
Lummer plates with the light of the mercur;^ green lino include a set of 
wide mam bne fringes, and a number of sets of narrow fnnge^ corresponding 
to the different satellites which accompany the main hue 

It 18 easy to show from the theory of Lummer plates that the fringes 
constituting any one of those sets are H|)aced out according to a very simple 
law If, for example, we consider the mam line set and take d to be the 
thickness of the Lummer plate, fA its refractive index for the wa% e-length 
and b the focal length of the camera lens, and denote by 2 ai, 
the distances between the centres of the mam line fringes taken in pairs, 
one being on eithei side of the central line of the photograjih, then it can be 
shown that 


r* • 


0 ) 


BO that the quantity should to a very close degree have the same 

value ovet the whole fringe pattern, te denoting etn*w?—»n* hy Sim, and 
1* by III, we should have for the whole pattern 


Slm/m =s Oi =s a constant (2) 

For let the two systems of ernei^ent parallel rays which go to form bright 
frmges of the ntli and (a + m)tb orders issue from the plate at the angles ^ 
and respectively Then, denoting the path differences corresiKinding to 
these two fringes by 7 and 7+ mX, we have 

7 as and 7+mX = 2 dy''(ft*--co 8 *‘^') 

From these two equations we have 


tttX a: 2 d 


cos* cos* 


v'(/(t*— COB* ^') + v/ cos* ’ 
or, if the angles ^ and are small, 


WlX as 


d 

Id 


am-11.*— «»* 


Numerous tests were made of the law given by equation (2) hy measuring 
up a nnmber of photographs of the fringe jMittenis obuuned with the 
different Lummer plates, and it was found to hold invariably with very 
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great exactness One particular case in vhioh it was possible to measnie 
the distances between the bands corresponding to 11 different orders on the 
plate may be cited The values of at, «(a> > «m. end for this 

])late are given m Table I, from which it mil be seen that the latter are in 
arithmetical progression, so that the values of Sli deduced from Hi == flm/m 
are in close agreement, and the most piobable value of Oi can be deduced 
by well-known methods. The uniformity exhibited in the values of fii 
shows decisively tliat the law enunciated above represents exceedingly 
closely the distribution of the fnngos in the Lummer plate pattern 

Table I — Determination of fli from 11 Onleie of Main Line Fringes 
obtained with a glass Lummer plate, by means of E«]uation (2) 



Ditforencc 


Difference 

«! = 0 5697 


«,» = 0.3246 


= 0 8428 

0 2731 

a/ = 0 7103 

0 3867 

«s = 1 0478 

0 2050 

= 1 0979 

03876 

= 1 2104 

01716 

au-* = 1 4870 

03891 

«5 = 1 3677 

01483 

= 1 8706 

03836 

ttd = 1 5022 

01345 

= 22566 

0 3860 

a; = 1 6264 

01242 

ctj^ BE 2 64.52 

03886 

= 1 7407 

0 1143 

«8^ = 3 0300 

0 3848 

«« = 1 8488 

0108] 

wH 

00 

II 

> 

0.3881 

ato = 1 9499 

OlOll 

= 3 8021 

0 3840 

»u - 2 0460 

0 0961 

«ii‘' = 41862 

0 3839 


In this connection it may be pomted out that tor lines whose wave- 
lengths are so close together as those of the main component and those of 
the satellites of the mercury green line the value of Oi should oome out 
about the same, when deduced either from measurements on the fringes of 
the mam line system or from those made on the fringes of a satellite 
system That this is true may be seen from the values of Di given in 
Table II, which were deduced from measurements Bimilar to those 
described above made upon the same plate on the fnnge system of positive 
satellite 0 09^1, of positive satellite 0 138, of negative satellite 0*07, as well 
as on the system of fringes due to the main component. 

Table II 

Fnoge pattern of Deduced value of 0| 

Satellite 0138 0.3860 

Satellite 0 093 0 3862 

Mam component 038C3 

Satellite —0 07 0 3856 
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l%e formula referred to above as- tl\e one used by ns in deterxnuiuig the 
differences between the wave-lengths of the different satellites, and the 
wave-lengtli of the main constituent of the green line, is expresnble in 
the form 

(.'t) 

111 

where Oi hae the significanoe given to it above, and is equal to the differ- 
enoe between the squares of the distances of two consecutive mam line 
fnnges from the central line of the fringe pattern, te, and 

denotes either the expression or where is the distance 

of a mam line fringe from the central hue of the pattern, that of the 
main Ime fnnge of the next higher order, and is the distance from the 
central line of a satellite fnnge of the same order as AXm represents 
that change in the wave-length of the light which would cause the fringe 
of the Mi\x order of the system of fringes due to light of wave-length 
X-f-AXai to coincide with the fringe of the ( 9/7 + 1) th order of the system 
formed by the light of wave-length X. 

Tlie value of AX«i, as v Baeyer* has shown, is given by 



\\ -Tf 

q^K^^4t(P^dfildX * 

(4) 

where 

q rs 

(5) 


and IS calculable for any wave-length X when the thickness of the Lummer 
piate, and its refractive index as well as its dispersion for the wave-length X, 
are known* 

The vohdity of the equation AX 2 = AX,» can be seen by throwing it 
inlo the form 


where », and AX ore taken to be the vanables 
In this form the relation shows that in the interference pomt-pattem 
formed by crossing a Lummer plate with an <<chelon grating, the pomts corre- 
sponding to the different satelhtes of any selected order all he on one 
parabola The beautiful diagrams accompanying the paper by Nogaoka and 
Takamiuet amply illustrate this point 

In using the formula AX ag- ^^*^ AXw for determining the wave-length 


* V Baeyer, ‘Verb d Beutaeh. Phya Gea,* p. 7S4, Ka 18^, 1808 
t Nogaoka and Takaaiine, ' Ph>a Boo. Load Proa,' vol 85, pt L Dea 15, 1812. 
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difiisrenoes A\ for the different satellites of a main line the quantities to be 
determined by measurement are fli, viz, and 8(a*), a.®— am'* 

As we have ])omted out above, Hi is found by measuring the distance between 
pans ot corresponding main line or satellite fiinges, one member of each 
pair being on either side of the double pattern Similar measurements made 
on pairs of any selected satellite's fringes will give the values of a«® for the 
different orders for this satellite The quantitj a*®— «m® can then be found 
Since this quantity, as equation (3) shows, should liave the same value for 
all 01 del s, the mean of its Values taken over all the orders in the fnngi^ 
pattern should give a very accurate result 

In the ])re&ent investigation the formula A\ »= was used in 

deducing A\ for the different satellites of the mercury green line from 
measurements on eight different photographs taken with the (juartz ])late, 
and all the lesults are looordod m Table III, ^^ave-l6ngths being given in 
Angstrom units The values obtainoii ftom the diHerent photographs aio all 
in good agreement It will be seen that the fringes due to the negati\e 
satellite No 5 found by one of us* with an Echelon grating and h> a number 

Table IlL 

Btifi active induses 


^ ... 

Data foi quartz Lumtner platen X fi 


(/ =s 0 47 cm 

7065 59 

1 54949 

\ = 5461 X 10-» cm 

656304 

1 65095 

= 1 55537 

6893 17 

1 65337 

d/jt/dK = -528® 

66071 

1 55462 

A\» = 02582 iU 

5270 11 

1 55639 


4861 49 

155899 


Plate 

KegatiTc Miellitet 

Positive satellites 

No 6 

1 

No 4 

No 8 

No 1 

No 2 

No 3 

No 1 1 

-0 108 

-O-OTB 

0*070 

0 1106 

0 206 

» 2 1 

-0 lOS 

-0-07* 

0*0706 

0 1203 

0 208 

>. 8 

-0 107 

-0'074 

0*0706 

0 1204 

0 807 

4 

-0 110 

-0*078 

0*0704 

0 1184 

0 204 

» 5 

-0 108 

-o-ora 

0-0817 

0 1186 

0 207 

„ 6 f 

-0*107 

-0*077 

0 0781 

0 1216 

0 205 

7 

-0 107 

-0*075 

0*0788 

0 1108 

0 208 



-0 104 

j 

-0 074 

0 0788 

0 1280 

0 207 

Ueta 


-0 107 

-0*076 

0*0784 

0*1202 

1 

0*206 


* McLennan, * Eoy Soc. Proo.,' A, voL 87, pc S69 (1018). 
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of other expenmenterB at about —0 243 AU did not appear on tJie photo- 
graphs taken with the quartz plate This was because the fringe for this 
satelhte of any order always coincided m the pattern with the main line 
fringe of the next lower order 

A similar uniformity marked the resalts obtained fioni meaRurements 
made on a great many photographs taken with the glass Lumnier {dates 
Illustrations of these are given in Table IV, which contains the values of 
A\ in A U. for the different satellites found from two photographs taken 
with one of the glass {dates, and from one taken with the othei No values 
are given for the AX of positive satellite No 3, situated at about 0 210 A U , 
as the fnnges for it did not apjiear on any of the {ihotograjdis, owing very 
probably to thoir overla])])ing or lying very cloao to those of negative 
satellite No 3 

Table IV 

Itofroctivc inihces 


Data for gtaaa Lummtii platw 

r ^ 

X 

1 ' " \ 

M- 

s: 0 448 cm 

6563 045 

1 50746 

X 5= 5461 X 10 cm 

.5896 155 

1 50990 

/A = 1 5121 

5890186 

o 

1 

II 

5 

4861 49 

1 51560 

AX» = 0 2984 k U 

440808 

1 52025 


KcgatiTe BatoUttoe 

PoBitire BakUiteB 

j No 6 1 No 4 ' 

No 8 

No 1 

No 2 

No 

liUinxnfir Plato A — ' ! | 

Patteni No 1 , -0 245 ->0 108 

-0 069 

0 002 

0 137 


„ „ 2 1 -0 240 -0 109 

-0-071 

0 002 

0 187 


r<nniiner Plate B— I 

Pattorn No 1 < -0 244 -0 106 

1 1 

-o-oso 

1 

1 

0 004 

0 130 


Mean -0 245 -0 106 

-0 070 

0-003 

1 

0 13B 



The mean values ot AX for the different satellites of the mercury green 
hue deduced from those in Tables III and IV are collected lu Table V, and 
along with them are also given a number of detenDinations of the AX for 
the satellites of the hne found by other investigators with different types of 
resolving apparatus. From this table it will be seen that Nagaoka aud 
Takamme were able to resolve the main line into a doublet with —0026 
as the position of the constituent of shorter wave-length As the table 
shows, the mam line was not resolved into a doublet either by the quartz 
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plate or by the gloRS ])late8 nml by ns Nagaoka and Takomine also give 
a faint satellite at about —0 054 satellite, it will be noted, was not 

distinguishable on any of our photographs, either in the work with the 
Lummer plates or in that done by one of us with an (Echelon Moreover, it 
does not appear among the bst of satellites for the lino given by Gale and 
Lemon in the ro])ort of their investigation of the structure of the line with a 
Michelson grating From the character of Nagaoka and Takaraino's woik, 
however, it would appear that this satellite has a real existence 


Table V — Values of A\ for Satellites of Mercury Green Line X = 5401 A 

IVogAiive sat&llit«a 


PoAtUvo wtelhtes < 


AcnuiunoD oy 






line 


I 


No 5 

No 4 

No 8 

No 2 

No 1 


No 1 

2 1 No .I 

1 

MaLennan and MoTzeod— * 








1 

Glass Lummer plates 

•--0 246 

-0 108 

-0 070 



0 

0 093 

0 138 I 

QuarU Lummer plate 


-0 107 

-0 076 



0 

0 079 

0 120 0 200 

1 

kicLezman* — 









Echelon 

-0 24.1 

-0 104 

-0 070 



0 

0 090 

0 135 0 210 

Gale and Lemonf— 





i 

1 

1 1 


' 1 

1 ! 

Miohelson grating 

-0 240 

-0 1P7 

-0 007 


1 

0 

0 070 

0 117 1 0 204 1 

Nagaoka and Taknminet — 
Echelon 

-0 240 

-0 113 

-0 080 

-0 066 

1 

-0-020 

1 

0 072 

1 1 

- i 

0 11H 1 0 204 1 

Echelon crossed with 

-0 242 

-0 108 

-0 074 

-0 06t 

-0 020 

0 

0 078 

0 128 ! 0 *210 

Lummer plate 


1 






! 

— 








— 


* MoLeniun, * Roy Soc Proa A, toI 87, p 209 (1912) 

t and l^mon, * Ast Phy* Journ ,* Januazy, 1910, * Pliys Zeit / vol 11, p 209 (1910) 
t Nagaoka and Takamine, * Phys Sol Proc ,* London, p 1, Deoemhor 16, 1912 


The positions of the negative satelhtes Nos. 3, 4, and 6, as found by the 
various types of apparatus, it will be seen from the table are all m good 
agreement A disorepanoy exists, however, in regard to the poeitions of the 
positive satellites Nos 1 and 2 The glass Lummer plates used by the 
writers, and the dohelon resolution obtained by one of us, give these satelhtes 
at about 0092 and 0‘1S7, while the resolutions by Qale and Lemon, by 
Nagaoka and Takamine, and by the writers with the quartz Lummer plate, 
give the positions of these two satellites at about 0'079 and 0 120 In order, 
if possible, to remove thu discrepancy a number of photographs of the 
fringe patterns formed both by the quarts Lummer plate and by the two 
glass ones were taken with the light from Oooper-Hewitt lamps of diameters 
ranging from 1 to 2^ om run with current mtensities of from 4 to 7 ampbres, 
but the positions of these two satellites always came out, when the plates 
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'wore measured up, in close aeree'uient vnth the numbers raven m Tables III 
and IV 

In one particular case a pliotograpb of the fnnge pattern formed b^ the 
quartz Luminer plate was taken simultaneously with the one formed by one 
of the gloss Lummer plates, when the collimators of the spectroscopes 
carrying those two plates were directed at the same portion of the arc in the 
Oooi)er>Hewitt lamp The values of AX found for positive satelhtes Nos. 1 
and 2 from the pattern formed by the glass plates were respectively 0 093 
and 0 1 J7 while the values found fiom the photograph taken with the quaitz 
Lummer plate were 0 081 and 0 124 This result would go to show that the 
discrepancy did not aiise from any real vanation in the structure of the hue 
It will be seen, moieovei, that while tlie resolution by the glass plate gave the 
wave-length of positive satelhte No 2 as 0 044 longer than that of positive 
satellite No 1, that by the quartz plate gave it as 0 043 longer, which is 
practically the same This might seem to indicate that the disciepancy arose 
from an error in setting the micrometer on the main hue fnnges in measuring 
up the plates Such au error, howevet , should affect the values of AX for all 
the satellites in a sitiular way and should not mtrodnce any error in the 
determination of the wave-lengths of the positive satelhtes 1 and 2 relative 
to those of any of the other satellites The results in Table V show, however, 
that while the values ot AX for these two satellites relative to each other are 
the same, for Isith the glass and quartz plates, their values relative to those ot 
negative satelhtes Nos 1 and 2, for example, are considerably differout for 
the two kinds of plates 

It may be pointed out that all the photographs from which the values of 
AX given in Table III were obtained were taken with hght emitted by the 
plate which belonged to the extraordinary lay system A few photographs 
were also taken of fringe patterns formed by the ordinaiy ray system and 
these were all found to give values for AX for the different sateUites practically 
the same os those given in Table IIL In one particular instance a photograph 
was taken of the pattern fonned by the extraordinary rays and immediately 
atterwaids one formed by the ordinary system When these two platee were 
measured up to hud AX for positive satelhte No 1 its value came out from 
the ordinary ray jiattern as 0 078 and from the extraordinary ray pattern as 
0 080 From these considerations it wiU be seen that the explanation of the 
discrepancy is by no means evident. AU the measurements were made with 
extreme care and the oalculotiunB were always carefully checked ov«r As 
pointed out m Table III, the value of AXn was oaloulated to be 0*2682 for the 
fringe system formed by the extraordinary rays. Fw the ordinary ray qrstem 
of fnnges its value was 0*2608. As these 'vaiaee differ by only 1 perQeat.,it 
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la clear that if any error were made by inadvertently aaeuming a pattern to 
be formed by the extraordinary rays, for example, when it was really made by 
the ordinary ones, the value found fur AX would still be correot to within one 
unit in the third decimal place It is interesting to note that the values of 
AX for the satellites found by us with the quartz plate are extremely close to 
those found by Nagaoka and Takainiiie with a glass plate, when tlie system 
of measurement used by them was presumably different from the one used 
by us 

Eelniums betvven the PosUums of the SaiellvUs 

In deahug with the origin of satellites Hull* has ;()omted out that a 
periodicity exists in the spacing of the satellitee of some of the mercury lines, 
which one is scaicely warranted in considering to be accidental Nagaokaf 
in an earlier comniumuation had also referred to this mattei and in his later 
paper in conjunction with Takainine {lot nt ) he has again dealt with the 
subject Although it has been shown that the values of AX foi some ol the 
satellites of the mercuiy lines 5461, 4078 and 4047 are in a simple ratio, it 
does not appear to have been noted that with the negative satellites of the 
line 5461 the AX for any one satellite can be obtained by simply taking 
either three-halves or nme-fourtlis of the AX for the satellite next closei 
than it to the main line 

This may be seen from the results collected in Table VI 

With the positive satellites of the line 6461 AU, the 8 2 ratio also 
applies, as Table VI shows, to the values of AX found for these satelhtes by 
the wnters with the glass Lummer plates, and by one of us with an Echelon 
grating, but for the values of AX for the positive satellites found by Nagaoka 
and Takamine and also by the writers with the quartz Lummer plate, it will 
be seen that while the values of the AX for satellites Nos. 1 and 2 are in the 
ratio 2 3, the values of AX for satellites Nos 2 and 3 are more nearly in the 
ratio 3 5 

The suggestion of the existence of such a law as that mentioned regulating 
the distribution of the satellites, brings with it the notion that possibly the 
mam constituent of the green line itself might be shown with suitable 
conditions and apparatus to consist of a great number of very close lines 
Some experiments recently made by Jamo]d4 moreover, aifiird some grounds 
for this idea. In these the source of the light was an Arons-Lummer merouty 
lamp, which was kept very cold and was driven with a direct current of 
2*5 amp^rea The circuit also had included in it a ooil of high self-indnction. 

* Hull, ‘ Aitrophya JonmV voL 38, p 886 <1810). 

f- Nsgaoks, 'fbyi. Zelt ,* vol l(k p. 600 (1808). 

} Jaaiokl, 'Ana. der Phya,’ voL a8( p. 438 (1818). 
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Table VI — Satellites of Mercury Line X s 5461 k U 




Obserred 

Satelhtefi 

Calculated 

— - - — — 

“ — 



Nagaoka and 
Takamme 

MeLennan and MoXieod 

Nf^gative 6 

Ratio 8 8 


ClaHft and quarts plates 

-0 846 
-0 168 

-0 S42 

-0 246 

If If 4 

-0 109 

-0 108 

-0 108 
-0 107 

, .. 3 

-0*078 

-0-074 

-0-070 
-0 076 

. .. a i 

1 

-0 048 
-0*030 

-0 054 


1 1 
»* If 1 

1 

1 

-0 024 

1 

-0*026 

1 Qlesk plate 

1 

PontiTe No 8 i 

1 0 210 


II » 2 

0 140 


0 las 

11 II ^ 

0*093 


0 008 

PoiiUre No 8 

Ratio 


Qiuurta plate 

0 310 -a 

0 126 

0*084 ^ ^ 

1 

0 210 

0 soe 

If M 2 

0 128 

0 ISO 

*1 II 1 

0 078 

0-070 


When the light from this lamp was exanuned witli a system consisting of a 
Lumraer-Gehrcke plate 0 971 cm. thick and 30 cm long, crossed with a wedge- 
shaped plate 0 628 cm thick possessmg a wedge angle of 40", Jamcki found 
that the main component of the green Ime consisted of a senfia of five 
well-marked, very close hnes Thus the suggestion is open that the green 
line consists of a senes of Imes closmg together towards the centre, 
positions being regulated by some law which in the outer oomponents 
simphfies approximately to the geometnc progression exhibited in Table VI 
It is interesting to note that a similar law having the ratio 3 6 as a basis, 
approximately holds in regard to the distnbution of the aatelhtes of the 
mercury line X as 3341. This line belongs to the same senes as the li«n 
X ss 5461, and is next m order to it But httle attention has been given 
as yet to the structure of this Ime except by G Wendt,* who eymnined it 
with a Itowland grating, and reports it as consisting of a strong mmn 
component aooompamed by four satellites of wave-lerq^ greater and by fonr 
of wave-length shorter than the mam component These are all oollweted 
111 Table Vll, and it will be seen that while the departures from the law 
are more marked than in the case of the line X 5461, there is a fairly 


* Wendt, ‘ Ann der Pliye Fclge IV, No. 97, p. 035 (m8). 
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good agreement between the observed values of AX and those calculated on 
the basis of the 8/5 

Table VII — Satellites of the Mercury Line X = 3341 A V 


Satellites 


I 

I 

I 


ISPentire satellites — 
No 4 


u 

Positive satellites — 
No 4 


*1 


8 

2 

1 


Values of A\ oaloulated on 
basis of ratio 6 8 i 

I 


-0 000 
-0 800 
*0 210 
-0 ISO 

0 500 
O 800 
0 180 
0 108 


Values of AX observed 
by Wendt 


-0 602 
-0 857 
-0 198 
-0 101 

0 497 
0 209 
0 X81 
0 127 


ITu Zeeman JEffert 

In the course of the investigation into the stmctiue of the green line 
X = 6461 with the Lummer plates, it was noticed that thesr plates provided 
an excellent means of illustratui^ the 2eeman effect with this line and 
of determining from it the ratio f/m by a method of coincidence 

In making the observations the Coopei-Hewitt lamp was placed longi- 
tudinally in the field of an electromagnet provided with pierced pole-pieces 
The mechanical details of the manner in which this was done have already 
been described in a previous communication by one of us * 

The hght emitted by the lamp m a direction at right angles to the held 
was passed through a collimator and into the Lummer plate m the usual way 
On emergmg from the Lummer plate, the light was then passed through a 
Wollaston double-image prism and afterwards allowed to fall upon the lens 
of the camera With this arrangement the image m the focal plane con- 
sisted of two patterns of fringes which overlapped over a jiortion of their 
length Cara was taken to give the Wollaston pnsm such an orientatum 
that with no field the fnnges in the upper pattern were directly in hne with 
those m the lower It was also ai'ranged that the light forming the upper 
pattern was polarised by the prism in a plane perpendicular to the Imes of 
force, and that forming tlie lower pattern polarised in a plane parallel to the 
field 

On passing a current of small mtensity through the ekctromagnet the 
mam line fringes in the upper pattern became somewhat widened but were 
not displaced as a whole On tlie other hand, each of the main hne fringes 
* Mtdjeuaan, ‘Boy Soc. Proe A, voL 87, p 878 (1918). 
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in the lower pattern beoatue aliglitlj widened and split np into a donblet, 
one member of the doublet being displaced to the right and the other to the 
left of the position initially occupied by the i^ge 

When the field of the electromagnet was gradually increased, the fringes 
m the upper pattern continued to widen and finally broke np into well- 
marked tnplets. On the other hand, the members of the donblet in tlie 
lower pattern continued to separate from each other and to widen, and each 
finally broke up into a triplet In tins way it was readily shown that the 
green line broke up mto a nonet under moderate fields with the comjionente 
of tlie outer tnplets {lolarised parallel to the lines of force and the components 
of the inner triplet polarised perpendicularly to the Imes of force The 
method just described also brought out the ))Oint that all the members of 
the nonet were of equal intensity and that they were regularly and equally 
simced 

The method of coincidence which was applied consisted in so choosing the 
magnetic field, that the outer triplet on the left-hand side of one order in the 
lower pattern exactly overlapped and coincided with the outer tnplet on tiie 
light-hand side of the next higher order of the same pattern When fields 
stronger than those required for coincidence were used, the outer tnplets in 
the lower pattern moved beyond the position of coinoidenoe and produced a 
confused and indecipherable effect. In the upper pattern the effect of 
increasmg the field was only to spread out and make more marked the 
members of the triplet 

It 18 easy to see that when coincidence takes place die change in wave- 
length, of each of the central members of the outer tnplets of the nonet 
relative to that of the undisplaced hne is equal to 

For coincidence wo have then e/«i given ^7 ~ In making a 

test of this method m which no special care was taken to get a highly 
accurate result it was found that comoidenoe was obteined with a field of 
6021 gauss Since for the Lummer plate used AXm was equal to 
0 2084 X 10"' cm , it followed that e/m as 2*73 x 10* From this we have 
for a normal triplet e/m « 1 82 x 10*, a value which is close to tliat found 
in some of the best determinations* with the Imes m the meicuiy aro 
spectrum 


1 The formula AX 


has been shown to be the one which 


* Kagaoka, ‘ Katurs,' May ft, IMA P> 377. 
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't ^ , 

flhoald^jSi9<'4^Med ia tnetmiring ap tite frii^ pattern prodooed lijr Lumner 
platol to ^tenaiaing small chants in vava-lsngiib. 

2. This fomnla has been applied to the determiimtum of the poatthms of 
the satellites of the mercury line X s> 5461 Jl.U relative to the main ocll^ 
ponent, when the line was resolved hy a Lnmmer plate mode of crystal qturte 
and also by two others made of glass. The results obtained with tlie quarti 
plate agree with the values recently found by Nagaoka and Takomine, Who 
used a glass Lummer plate crossed wi& an dohelon grating, while those 
obtamed with the glass Lummer plates agree best with deteraunations 
previously made by one of the writers with an dohelon grating. 

3. Considerations have been presented m favour of the view that the green 
hne consists of a series of hnes closing together towards the oentre, their 
position being regulated by some law which m the outer omnponenta 
simplifies approximately to a geometno progression Evidenoe is also 
adduced in support of the view that a somewhat similar law iqtplies 
approximately to the mercury arc Ime X = 3341 X U 

4. A method of coincidence was used to illustrate the magnetio resolution 
of the mercury green line X = 5461 A.U. and a value of 1 82 x 10* has been 
obtamed for e/m. 

In conclusion the wnters wish to convey their thanks to Mr. P. Blookraan 
and Mr D. A. Keys for assistance m takmg the photographs and in ebeoking 
up the measurements of some of the platen 


DESCBIPTION or PLATES. 

Fig 1 illustrates the fringe pattern obtained with the quarts lamuner plate. Proeeeding 
outwardc from the central portion of the pattern either to tiio right w to tiie loft, tee 
eigaiftooBoe of tee fringes between any two ordmof main line fringes ieae hdlowei Mote 
liBSt positive eatelhte No. 1, positive Na S. uegofave No. 4, nagativo No positiva 
Na 3| and main line 

In fig S the pattern obtained with one of tee gloss Liunmer plates is reproduesd. The 
lunisr of tee fringes in this pattern, prooeedtiig outwards, is as foEows •Main liB% 
aagsftlve satellite No 6, positive No 1, positive No. fi, negative No. 4, sagolive Ha. \ 
flf \4 IMW Ullilv 

1% 8 UlafetrtteB the magnetic reeolution of the green line X « 5461 A.tT under the 
condittoM deetnibed The hne ii broken up into a nonets end the memben of the mxter 
tnplete el order ere in eoincidenee with the memben ti the onler trifditi ol the 
tvunt edjMtnt order, 


U 
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On the Electrification Produced during the Rmnng of 
a Cloud of Duet 
By W A Douglas Budok, M A 

(Communicated by Prof Sir J J Thomson, 0 M , F B S Becmred 
January 20, — Bead February 26, 1914 ) 

In a paper published in the ‘Philosophical Magazine’ of May, 1913, an 
account is given of some experiments which show that the raising of a cloud 
of dust 18 accompanied by the production of a largo amount of electnoity 
The dust was usually blown away from the surfooe of a flat piece of material 
or from the end of a tube. Large quantities of electnoity were produced by 
this means and the sign of the charge seemed to depend upon the nature of 
the material used to form the dust cloud Basic bodies generally acquired a 
negative charge, and acidic bodies a positive charge It might he suggested 
that the ongin of the charges lay in the faction of the jiai tides of material 
against the suiface from which they were blown, but this, however, is not 
altogether the case, as the following experiment will show 
An insulated brass tube, 25 cm in length and 1 6 cm m diameter, was 
oonneoled to an electroscope Tubes of different materials and of a slightly 
smaller dumeter were provided to fit inside it so that the nature of the suifoce 
from which the dust was blown could be varied. Under these cucumstanoes 
it might be expected that the charge earned away by the dust, and also that 
retained by the tube, would vary with the nature of the surface, but this was 
not the cose, for with the same substance for creating the dust, the eleotnfioa* 
tion was always the same no matter what was the nature of the surface from 
which It was blown. For example, sand always furnished a positive charge and 
red lead a negative one, and other materials gave charges of the signs given m 
the paper referred to Again, the nature of the surface agamst which the dust 
was projected was also without inffuenoe upon the charge acquired. Clouds 
of dust were raised by blowing a current of air through the dust oontamed in 
a small wash-bottle, and the cloud projected against an insulated plate 
connected to an electroscope. The charge gained by the plate was of the 
same -sigB whether the plate was rough or smooth, or coated with dififerent 
matenals, so that it appears evident that the charge is actually produced upon 
the dust cloud itself It has been shown that the diarge upon the dust is 
apparently* accompanied by one of opp<wite sign upon the ur, and a 
convenient arrangement for showing the presence of these two charges is 

* Bm note, |k M3. 
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given in iig. 1 The dust raised by blowing air through W is projected 
against the wire gauze screen G and the greater portion is caught, but the air 





I — — I 


accompanying the dust is carfied on At some distance (50-100 cm) 
behind the gauze a small radium-coated plate B served to collect any charge 
present upon the air. Electroscopes Ea and Ei indicate the charges acquired 
by G and B A few typical cases are given in Table I 


Table I 


l>UBt 

Charge upon gauze 

Charge upon air 

Bed lead 


+ 

Sand 

+ 

— 

Flour 



Mercuric sulphtde 

+ 

1 

Arsemouf oxide 

+ 

*** 1 

Zinc duet 


+ i 

Iron fllinga 

— 

+ 

OliaU^ 

1 

+ 


The eldctnfloation indicated by Ei is not due to the fhctiou of the dust 
against the wire gauze, for a charge of the same kind is shown by spraying 
the dust directly into the air 

Up to this point the work had been carried on at the University College, 
Bloemfontein, and in the open air, but smoe riien the experiments as detailed 
in the onginal paper have been repeated under different climatic conditions, 
and also withm a room in the Cavendish Laboratoty. The result has 
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been to confirm the previous experiments^ and although some vanatione 
do occur, the general laws appear to be well substantiated 
In the earlier experiments there was a more or less free motion of mr and 
dust permitted, but it was thought advisable to conduct the oxpenment in a 
confined space For this purpose a wooden box 45 x 45 x 55 cm was lined 
with tinfoil, and dust clouds raised m this by spraying through a hole m the 
side Insulated conductors could be arianged inside, either to take the 
charge upon the dust, or upon the air Wires connected to the electro- 
scopes were passed through thick ebonite plugs into the box, one wire 
being attached to an insulated cylinder V just close to the hole through 
which the dust was projected, and the other to a small radium-coated plate B 
which was not in the direct path of the dust from the hole, fig 2 With this 



Subituioe 

Charge on air 

Charge on dust 

Bed lead 

+ 


MensiU7 sulphide 



BiUca 


+ 

Chalk 

+ 


1 SSino 

■f 

* 

Sulphur 


+ 

Hour 



Morphine 

+ 


^jgdahn 


•f 

Quinine 

+ 

— 

Quinine sulphate 

* 

+ 
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apparatus a number of experiments were made which showed practically the 
same results as those obtained by spraying in the open air If the material 
used was silica, the charge upon the insulated vessel was positive and the 
charge upon the air negative, as would have been the case m the open atr 
If red lead was used, the charges upon conductor and air were negative and 
positive respectively 

This anaugement was very sensitive as a means of detecting the charge 
upon the air, and some attempts were made to get quantitative results, that is 
to find some i elation between the charge of electricity upon the air and the 
quantity of material sprayed. Mercury sulphide was the substance used, as 
this was found to be the most efficient dust for producing electrification, but 
the efficiency depended upon the fineness of the powder The finely 
powdered matenal was coutamed in a small wash-bottle, and tlie dust cloud 
raised by blowing air from a small rubber spraying bellows through it It was 
found tliat fairly constant amounts of dust were earned uway lu each puff of 
air from the rubber spraying ball, but the amount was so small that it was 
practically unweighable, and the weight of the matenal associated with one 
pufi had to be found as a mean from a considerable number of puffs In this 
case a Dolezalek electrometer was used instead of an electroscope, as of course 
It was more sensitive On sending the dust cloud into the box it was found 
that one puff was sufficient to charge the radium collector up to a potential 
of from 6 to 8 volts 

In order to find the average weight of matenal the wash-bottle was 
weighed carefully and then a definite number of puffs made and the 
bottle weighed again If the matenal liad been well sifted before being 
put in the bottle this gave very concordant msults, as the table shows 


Table III — Weight of Bottle and CJontents. 




Ldm in weight for 10 puffs 

Before pufilng 

78 177 «rm. 


After 10 puift 

78 172 

0*006 grm. 

» ao „ 

7S 1873 

0*0047 

i( SO 1, 

78 less 

oixm 

.. 40 „ 

78168 

0*0046 

n SO „ 

78 U86 

0*0044 

»l ^0 M 

78 IM 

0*0006 (20 puffs) 

Lobs for 70 puffa . 

. 0*033 gnu. 


„ 1 puff . . . 0 00047 „ 

The mean of six senes of similar determinations gave an average of 
0*00053 grm. of per puff 
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Practioally the whole of the volume of the air inside the box was charged, 
and assuming for a moment that the material was uniformly distnbuted 
throughout the volume of the air the amount of dust per cubic centimetre 
would be 

45^^46 x^55 ” ® ^ ® ®‘ »PP>fo*™®toly for one puff 

Other material gave similar results, but nothmg so fur tested approaches 
mercury sulphide in the small amount required to produce a given charge 
Molybdic acid was also very efficient This small amount of dust, 
5 X 10~* grm. per cubic centimetre, gave a charge which raises the potential 
of the explonng electrode to several volts, so that the actual amount of dust 
which would produce a detectable charge might wrell be 1/1000 of this 
amount 

Blowmg a few centigrammes of cornflour into a large room* charged the 
oir to such an extent that a radium-coated collector rapidly indicated a 
potential of 200 volts, and the charge persisted for some time 

It IB thus easy to understand how the very high potential gradient — over 
10,000 volts per metre — may arise during a dust storm, and the lightning 
flashes which are stated to accompany eruptions of fine ashes from volcanoes 
may perhaps be referred to the same cause 

On several occasions it bad been noted that a reversed charge was given to 
the wire gause used to collect the dust, and this appeared to be due to the 
rate at which the cloud of dust was raised, as well as to the influence of the 
opposite ohaige upon the air. The box used for the last senes of experiments 
was employed to carry out another senes m which the dust was “ramed” 
into the box instead of being sprayed. A hole, H, was bored in the top of 
the box and immediately below this a hollow insulated copper vessel 
connected to a Dolesalek electrometer was arranged A radium collector could 
also be inserted when desired (fig. 2). The dust was sifted through fine lawn 
and in this case the ounous result was obtained of a negative charge being 
nearly always given up to the insulated vessel, and the air as tested by a 
radium-coated conductor was also negative Only very small amounts of 
material passed through the close meshes of the sieve , a milligramme orso of 
most substances would raise the potential of the insulated conductor to 3 or 
4 volts Varying the distance of fall from 10 to 30 cm. had no influence on 
the nature of the charge, but merely dropping the powder in a mass produced 
no charge, it being necessary apparently for the particles to be spread apart 
or rubbed together if a charge was to be obtained. For example, some 

* The room had a volume of about tOO enbic metrea. 
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reduced iron was dropped down a glass tube 40 om in length into the 
insulated vessel, and practically no charge was generated, but on tying a 
piece of fine lawn over the end of the tube and tapping, it gave a charge which 
sent the spot of light off the scale Table IV gives some of the results 


Table IV 


Material 

Charge, raining 

Charge, spraying 

Sihea 

Negative 

Positive 

Merottrr sulphide 

' » 

II 

Bed lead 

1 Very elight negative, BometiinoH 

Negative 

Frecimtated tnlphur 1 

1 Negative, but not strong 

Positive 

Iron illinge 

tt IS 

Negative 

Ohalk i 

Very slight, but tending to — 

II 

Zino duit 

Negative* 

II 

Morphine 

SI 

II 

Cornflour 

SI 

Positive 

Ground orystalliHed milphur 

II 

II 


* Varied with height of fall, aboro 20 cm somelimea positive 


The experunents described so far had been earned out with air, and it 
seemed of interest to repeat them with the gases which can be obtained in 
cylinders, the pressure under which these gases escape furnishing a convenient 
method of raising the dust The gases available were oxygen, hydrogen, 
carbonic acid, sulphur dioxide, nitrogen, and ammonia. Usiiig the wash- 
bottle arrangement foi raismg the dust, a senes of puffs of gas was sent 
through the bottle and the dust raised tested m the usual manner. Genmnlly 
the same charges as with air were obtained. 

A considerable amount of time was expended in endeavounng to measure 
the current which could be sent through air ahen dust was present, but the 
results were very unsatufactoiy on account of the large charges initially 
present upon the dust If ions are present, they most probably are of a large 
sise, and hence would have a small velocity in a field of moderate strength, 
and under any circumstances a certain number of charged dust particles 
would reach conductors connected to the electrometer, but the current 
through the dust-laden air was very small. The general trend of tiie 
experiments seems to indicate that the air does become dightly ionised but 
not to an extent comparable with that produced by a trace of a radium 
preparation. 

Up to the present no satisfactory explanation as to the origin of the charges 
had presented itself save the one that these charges might be due in some 
way to the enormous increase of surface of contact between the air and the 
dust which must occur when a small amount of powder is blown into a dust- 
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cloud, soiuewhafc in the same manner ar a strong charge u prodnoed bjr 
breaking up a liquid into a fine spra; as shown bj lAnard and others, and 
some experiments were made to test whethei this was the rose 
A brass tube, A, 30 cm in length and 1 5 cm in diameter, was provided 
with a wire gauze cap at G and projected into a copper vessel, B At the end, 
P, juper tubes coated with mercury sulphide or other material could be 
inserted and a strong current of air or other gas directed over it from the 
nozzle, the air escaping at the wire gauze end. The two electroscopes would 
indicate any charge acquired by the paper or carried away by the current of 
air, fig 3 At first small charges were indicated by both electroscopes, that 



on the one attached to the tube being positive whilst that on the copper veeeel 
was negative, as would be expected to be the case with mercury sulphide, but 
the chargee were only obtained for a diort tune, and were clearly due to some 
of the material being tom off roechanically Thu was confirmed by rubbmg 
the paper after the charges had ceased, and then the detached particles gave 
rise to charges on blowing The same thmg occurred if hydrogen was used 
instead of air. The air does not carry away a charge as a consequence of 
being blown over a surface of mercury sulphide or other material. 

When a tube was packed with powder and the ends closed with plugs of 
cotton wool no charge was earned sway by the air dnven through ^ 
apparatus unless some powder managed to escape through the plugs. If the 
charge bad been due to an effect of contact of air and duet some ohaige 
should have been obtained by this method. It must thmefoie be coitolnded 
that the charges are not due to mere increase of surface ci omtaot between 
the air and the dust 




Produced dv/r%ng the Rms%ng of a Cloud of DusU 268 

It was always easier to detect the ohai^ upon the air* than upon the 
dust, and some deternunations of the amount of electricity earned by the 
air and finer dust particles weie made by observing the potential to which 
a conductor of known capacity was raised by it Tlie laige tin-lmed box 
used in the previous expeiiments was employed as a means of catching the 
charge upon the air It was supported by three blocks of paraffin and 
a wire from the metal lining joined to an electroscope The capacity of the 
arrangement was about 70 cm 

On blowing in some mercury sulphide from the bottle the box became 
strongly charged with negative electricity, and after two puffs of air the 
whole apparatus was chaiged up to a potential of 50-60 volts The 
quantity of electricity earned by the air and dust into the chamber under 
these circumstances was about 12 ES units, and the charge per cubic 
centimetre about 

45 X 45 X 55 “ 10000 

Instead of the tube from the bottle being allowed to project directly into 
the box an earth-conueoted metal tube was sometunes inserted between 
the two This, however, had but a small influence on the magnitude of the 
charge, which seems to be generated when the dust, so to speak, suddenly 
expanda 

A very extreme case of this kind was seen when the dost on its way to 
the box was passed through 20 feet ot compo piping, 0 4 cm m 
diameter Using cornflour for tlie dust a very strong charge was given to 
Its apparatus when only a centigramme or so of the powder had been 
sprayed In one instance the powder was sprayed through the 20 feet of 
tubmg into the room, and when less than 4 egrm. had been sprayed, the 
air of the room was charged to such an extent that the radium collector 
indicated a potential of 100 volts. In some experiments made in a large 
tin vessel which could be closed air-tight it was found tliat the total ebatge 
upon air and dost together was sero. 

It is difficult to locate the ongin of the very strong charges possessed 
by both dust and air, and it seemed at first as though the mere sot of taisiBg 
the dost, and of thus increasing the area of contact between dust and air, 
might be sufficient to account for the efaarges developed, as may be done m 
considering the origin of the charges developed upon water spny and air, 
when larger drops of water are broken up into smaller <»ea; but it does 
not appear that the increase of surface of a mass of finely divided material 

* Perhaps the dbatge le not upon the air iteetf, but upon very fine particles earned 
along with the air, and these may not settle readily 
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when blown into a cloud, nor the mere fnction of air against dust, is 
sufficient to account for the chaiges found upon dust and air There remains 
then to be considered the case of friction of the similar dust partidee against 
each other. Although the particles are of the same material there might easily 
be sufficient surface differences to permit of two particles becoming oppositely 
charged by rubbing against each other, and in this case it might be expected 
that equal charges would be generated upon the two particles which had 
been m contact, so that the charge upon the dust as a whole should be zero 
Certain experiments already referred to, however, gave indications that the 
chaige associated with a given substance was not absolutely hxed. and the 
fact that the charge obtained upon a certain dust was generally independent 
of the nature of the gas in which it was raised, and also independent of the 
nature of the surface from which it was blown, led to investigations being 
made to ascertain whether two charges were not actually present in the dust 
itself 

In many futile attempts to measure a saturation current through the 
dust-laden air it was noticed that the dust collected upon the electrodes 
between which it was tned to send a current, and it was further seen that 
one electrode became much more thickly covered with dust than the other. 
A number of experiments have been mode with various materials to investi* 
gate this point, and the results will now be detailed. 

The apparatus (fig 4) used for carrying out the experiment consisted of 
an inverted glass bell-jar having an opemng at the bottom and covered on 
the top by a plate of thick zinc through which passed wires connected 
to two insulated cylindrical conductors These oonductors were connected 
to the terminals of a battery of 400 secondary cells, the central point being 
earthed, so that the conductors were equally and oppositely charged. 
Through the cork at the bottom the tube from the spraying bottle passed, 
and by sending in a gentle current of air through O, a mixture of air and 
dust passed through the apparatus, the excess escaping through X In some 
cases X was closed and 0 connected to a bulb so that dust might be raised 
without any air leavmg the apparatus No particular advantage resulted 
from this, and the amount of dust collected upon the oonduotors was much 
smaller In some oases a hning of earth-oonnected wire gauze was placed 
inside the bell-jar, and m fact a metal vessel is best, but it was of interest 
to watch the deposition of dust upon the electrodes. The electrodes were 
made of brass and highly polished, and were attached at tiie sides to the 
Bupportiog rods so that by rotatioa they could be arranged at drferent 
distances from each other Yanous voltages were implied to A and B 
without producing an essential difference save that of varying the rate of 
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colleotiDg the dust, which gathered on all parte of the electrodee, but if these 
were close together, collected m greatest amount on the portions of A and B 
facing each other 

If the electrodes were uncharged only a small amount of dust settled on 
them , the air escaping, however, was strongly charged, as was seen from the 
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electroscope connected to the radium collector placed near X. The results 
of some typical cases are given in Table V (p. 266). 

In most cases examined there was a very marked difference m the amount 
of dust oolleoted upon the electrodes, and the greater this difference the 
greater the charge carried away by the air The charge earned away by 
the air was always opposite to that upon the electrode which attracted the 
greater quantity of dust 

If one can measure the amount of charge from tiie mass of the dust 
attracted to the eleotrode, then, if the greater quantity goes to the positive 
eleotrode, as. has a negative charge, we might expect that the air should have 
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TaWeV 


Material used 

j Charge upon the air 

Excess of dust upon — 

Charge upon air | 

] 

Flour 

i + 

— electrode 

1 

Great 

Fine ailioa 

1 — 

+ 


Merounc gulphide 


r 

yi 

Red lead 

j + 



Sulphur 

1 _ 

+ 


Bigmuth oxide 

1 + 


Small 

Chalk 

+ 



Zmc duHt 


+ 

Great 

Irou filings 

— 

+ 

y unable 

Copper oxide 

+ 


Shglit 

MMnesium oxide 
Moiybdio acid 


+ 

Unoeitain t 

— 

+ 

Veiy pmt , 

j Slight 

Mercuno oxide 

+ 


Antimony 

— 

+ 

Arsetuoue oxide 


+ 

Great 

Road dust 


+ 

Variable 

Coal dust 

+ 



Portland oeraent 

+ 


Great 

Quiniru 


+ 

Small 

1 


a positive charge, whereas the opposite m the actual case It is true that all 
the dust 18 not collected by the electrodes and that a further electnfication is 
produced when the excess of dust escapes into the air surrounding the 
apparatus 

As there was such a considerable difference in the appearance of the two 
electrodes after the deposition of the duet, it seemed possible that some 
quantitative relation might exist between the amount of dust attracted by the 
two electrodes, and a number of measurements were made of the actual 
quantity of dust deposited If the electrodes wore well polished and 
uncharged, the amount of dust deposited upon them in a reasonable time 
was practically unweighable, but if they were charged there was no difiioulty 
in determinmg the weight of material upon both electrodes 
The method of making the determinations was as follows — 

The electrodes were well polished and weighed upon a balance to 0 1 mgnu , 
and after the deposition of the dust weighed again 
In Table VI (1) gives the weight of the electrode before the deposition of 
dust, and (2) the weight afterwards. In the last oolumn the ratio of the 
greater to the smaller gam m weight is given, and this is positive/uegattve 
or negative/positive according to the nature of the dust Many obeervationa 
were made but only a few are included m the table, and these are typicaL 
The ratio of the masses of the charged powders is not very uniform save 
m the oases of mercuric sulphide and comBonr , there the value is smnewhat 
of the order of 2 1 1, but m the opposite sense « regards the signs of the 
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Table VI. 


Weight of • 1 ' electrode 

Weight of — electrode 

1 Katio 




_ _ 



Glain 4- 

(1) 

(2) 

0Mn 

(1) 

(*) 

Q-ain 

Ghun- 



Mercunc Sulphide 



25 9037 

26 *0061 

0*0014 

26 9072 

86 9079 

0*007 

2 0 

26*0087 

26*9124 

0 0087 

26 9072 

26 9114 

0 0042 

8 07 

as ■0087 

26 9162 

0*0115 

86 9078 

26-9187 

0*0066 

2*04 i 

26*9040 

26*9086 

0*0046 

86-9078 

25 9096 

0 002 

2 26 ( 

1 




Cornflour 



Gau— 







Gaui4> 

26 9026 

2S-S16S 

0*0181 

86 9072 

26*9851 

0-0879 

3 1 

26*9086 

26*9160 

0 0126 

86-9078 

86-9888 

0*0261 

2 1 



Molybdic Acid 










Ghun-fe 

Ghun— 

26*8905 

' 86-0000 

0*0096 

26*9030 

26 9042 

0*0012 

7*99 

26 0040 

86 ooee 

0-0046 

26*9020 

86-9061 

0 0081 

1 48 



Bed Lead. 










Gain — 
Gain 4- 

26 8860 

86 8880 

0*008 

26 8860 

86 8486 

0*0126 

4 12 

26 0082 

86-0070 

0 0088 

86-9076 

86-9820 

0 0246 

1 0 

26*0082 

86-9080 

0-0068 

80-9076 

86 9817 1 

0*0142 

2 96 


obarges m the two oases The difference m the xnaases was not doe to a 
difference in the individual size of the charged particles, as far as could be 
determined by the microscope, but it may be that a group of particles 
clinging closely together might be struck by a number of smaller or 
individual particles, and thus acquire opposite charges, and in some cases 
It did seem as though the negatively charged particles shaken off the 
positively charged electrode were larger than the positively charged ones 
shaken off the negative. 

An attempt was made to see whether any separation of tiie charged 
particles could be brought about by settling undw gravitation, and widi this 
olyeot a box 120 cm. in length, 20 cm in deptii, and 20 cm. m breadth was 
taken and three pairs of insulated electrodes inserted in the cover. Holes 
at the two ends of the box allowed cff a cloud being blown in at one end, 
and of the excess of dust escaping at the other. The electrodes were joined 
in pamllel to the leading wires, and were charged by a battery of small cells 
to a difference of potential <A about 800 volte. The relative pairs (1)^ 
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(2), (3) of the electrodes were oareftilly weighed, a oarrent of dust pasnd 
through the air for a short time and the electrodes again weighed Some of 
the results obtained are given in Table VII — 


Table YII — Long Box Expenment Dust used. Cornflour 


Vint pair of eleotrodea 


Second 

pair of eleotrodea 


Third 

pair of eleotrodea 


Oain in weight 
+ 

If 

Ratio 
-/ + 

Gain in 
weight + 

Ghun in 
weight— 

Ratio 

-/* 

Gain in Ghnn m 
weight 4 1 weight— 

Ratio 
-/ + 

(0 

0 026 

0'0625 

2 4 

0 0078 

0 048 

6 6 

0*0020 

0*0070 

4*0 


0*0088 

0*060 

4 a 

0 0076 

0*082 

4 2 , 

0 0016 

0 0146 

0 7 

w 

0*0106 

0 0616 

3 14 

0*0026 

0*0268 

10 7 1 

0 002 

0 017 

8 6 

(4) 

0 0008 

0 0812 

8 8 

0 0068 

0 0464 1 

; 6 0 

0 0018 

0*0060 

4*6 


In this table it is seen that the ratio of the masses of the positively 
charged particles to those of the negatively charged ones increases with the 
distance Irom the origin of the cloud , that is the positively charged particles 
travel a greater distance before settling It may be that this is merely an 
accidental relation, or that the positively charged particles are finer and 
are carried farther Of course, there are so many factors which could 
interfere that it is not safe to generalise 

From the experimental details which have been given, it seems quite 
clear that the eleotnficatiou must be due to some mutual action amongst 
the dust particles, such as repeated contact or the rubbmg of one particle 
upon another Small charges only would be produced upon the individual 
particles, but, as there are so many, the collective effect might well be 
great. It is, of course, well known that, by rubbing together two pieces of 
the same matenal, two charges of electnoity can be obtained, it being 
presumed that there exists naturally some slight difference between the two 
surfaces which are being rubbed, and no doubt many observations have been 
made upon the matter, but the cases recorded are few 

Some experiments were therefore made to asoertam to what extent 
naturally occurring ordinary bodies gave rise to measurable charges of 
electricity when rubbed together , it appears that practically eveiy material 
is found to become charged when rubbed on another piece of the same 
matenal, the two pieces becoming oppositely charged.* The chargee 
produced are comparatively large, so that no ^fliBoulty is experieaoed m 

* Hesebui, ‘ Joum de la Soo. Bum Phya-Gbim.,' 1901, statM tiiat when pieoM of 
■imilar material are rubbed togetimr they beoome ehaiged with the $am$ Uad ot else* 
tnoity, and the dust abraded has a charge cf oppoeite nga. 
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detecting them with an ordinary electroscope, and very small pieces of 
material suffice to give measurable charges The sign of the charge upon 
each piece of material is apparently fortuitous, for, given two pieces, A and 
B, of the same material, then A may be positive at one time and B at 
another, probably there is some slight surface difference, which is not 
permanent Amongst the substances examined, and which readily gave the 
two charges when two pieces are rubbed together, are quartz, cinnabar, 
Iceland spai, arragonite, tommaline, barytes, felspar, mica, 6uor spar, 
sulphur, potassium nitmte, potassium bichromate, and oxalic acid This 
list IB representative, but not exhaustive, and in each case opposite charges 
are obtained from two pieces of the same substance Of course, nibbing 
two pieces of dissinnlai substance also gives nse to two chargea 

It IB very surprising what small amounts of material will acquire 
measurable chaises Pieces of cinnabar not more tlian 0 1 sq cm lu area 
fftve very definite charges 

In addition to the charges upon the materials, some charge is also given 
to the air surrounding the matenal, and the sign of this charge depends 
upon the nature of the matenal Thus, by rubbing two rhombs of calcite 
together inside a box m which was present an insulated wire coated with 
radium and connected to an electrometer, the latter indicated that a positive 
charge had been gained by the wire, but if two crystals of quartz were 
used, then the charge was found to be negative This agrees with the 
aigns of the cliarges given to air during the raising of a dust cloud of these 
mateiials. These charges upon the air were not very strong, but quite 
definite, especially in the case of calcite, when the sign was always positive* 
It is most probable that small jmrticles are abraded dunng the rubbing, and 
these may give a chaige to the air, and it is possible that m all cases the 
charge ujion the air is really due to very fine particles which do not readily 
settle, or which move with such velocity that they escape capture by the 
charged electrodes used m certain of the experiments 

Some examples of the electrification produced by rubbmg crystals together 
are now given* 

Quartz upon Quartz 


Lasga cvyiUl 

Charge 

BmaU ovyetal 

Charge 

PynuiudfM* fl^ 

+ 

Pyrnmidtaott i 



mm „ (1) 

+ 

„ 1 



Pnam „ (1) 

+ 

Pntm „ 1 

• 


Pyimnud „ (81 

+ 

FTfMBld „ 1 



Pmm „ (8) 

+ 

Prism „ 

w 

* 
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In this senes the large crystal was always charged positively, but, on 
repeating the experiment later, the reverse was seen The electrification is 
independent of the onentation of the crystal faces 
The large oiystal was then used to rub other quartz crystals, and it 
generally acquired the same charge. With “smoky** quartz only a very 
feeble charge could be obtained 

In crystals of quartz there is a distinct difference in the nature of the 
surface of the pnsm and the pyramid faces, and it might have been 
expected that some difference m the charges would have been noted, but 
this was not the ease. Iceland spar is, however, a simpler ciystal, and one 
which has fewer faces, and the six faces are iiuueralogically the same. A 
large crystal of Iceland spar was broken into pieces and two fair-sized 
rhombs selected for experiment These were rubbed on each other in a 
definite order so as to bring the different faces snooessively into use. A 
number of experiments was made with each face, allowing a short interval 
between each rubbing One crystal generally remained positive with 
reference to the other, quite independently of the particular faces used, 
but occasionally a reversal occurred, and, by allowmg the crystals to rest for 
some time, the one formerly positive might now be negative As with 
quartz, the charge upon the crystal was independent of the onentation 
A crystal of arragonite was rubbed on one of calcite, varying the faces used. 
In every case the arragonite was positive to culcite 
A few cases of mixed crystal are now given — 


Arragonite 


Gkloite 


Fluor spar 

+ 

Galmte 


Tourmaline 

+ 

Ulcite 

— 

Barytee 

+ 

Calcite 

- 

Quartz 

+ 

Caleite 

- 

Barytes 

- 

Quartz 

+ 

Felspar 

- 

Quartz 


Felspar 


Calotte 

- 


A couple of “ worked ’* quartz plates were found to be most efficient The 
temperature of the plates was vaned and the electnfication observed, and the 
sign of the electrification is apparently not affected by the initial temperature 
of the two plates, which would soon be equahsed by contact 


Plate A 

Plato B 

Cold -t- 

Cold - 

Hot 

Cold + 

Cold - 

Gold -i* 

Hot - 

Cold + 

Cold + 

Cold - 

Cold - 

Hot + 
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Plate A 

Plate B 

Hot 

+ 

Hot — 

Cold 

+ 

Hot - 

Hot 

- 

Hot + 

Hot 

- 

Hot + 

Cold 

- 

Hot + 

Hot 

+ 

Cold - 


In general, naturally occumiig crystals of material are the most suitable 
to employ, because tlie surfaces are fairly definite in conditioui and also 
because they are liotter insulators than pieces of amorphous material The 
sign of the electrification acquired appears to be quite fortuitous 

The facts as revealed by the experiments are very difficult to interpret. 
At present it seems quite definite that the charges originate in the powder 
Itself , that 18, there must be friction or contact between the various particles, 
which diffei m size or surface condition, in such manner, that two groups of 
oppositely cliaiged particles are yielded by the dust fiom chemically homo- 
geneous materials, and also that the air or gas used to raise the cloud either 
becomes itself oleotrified, or else cariies with it very fine charged particles of 
the material The total electrification of the two sets of charged particles 
and the air accompanying them la zero. The nature of the gas used to raise 
the cloud does not seem to be of much importance 
It was suggested to the writer that it might be possible to obtain some 
evidence of the presence of double layers surrounding the {)artioles of 
dust, and to attempt their removal, but the expeninental difficulties seem 
at present to be insurmountable Some work was done in this direction 
by heating precipitated silica for some time in an exliausted tube, and 
then after cooling raising a cloud by shaking Charges were, of course, 
obtained, but it was not possible to distinguish between those due to the 
agitation of the dust particles amongst each other, and those due to friction 
of the dust against the walls of the containing vessel 


(1) The results of these expenments confirm generally those given m the 
former paper 

(2) The raising of a cloud of dost is accompanied by the production of large 
oharges of electricity Some of the dust particles have positive charges, and 
others negative 

Bither one set of charged particles settles rapidly, leaving the other set in 
the air, or else a charge is given to the air itself * The charge is retained by 
the air for some considerable tune, 

* The expenments do not show which of these views is oorrect. 

VOL, XC— rA, 
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(3) The sign of the oharge reniHimng . in the air depends upon the nature 
of the material used Acidic*’ bodies, such as finely divided silica or 
molybdic acid, givo to the air a negative charge, whilst ” basic ** bodies, such 
as lead oxide, or organic dusts, such as fiour or coal, give a positive oharge 

(4) Tlie total electrification of dust and air is zero 

(S') The fnction between particles of suuilar material apparently produces 
sufficient electrification to account for the charges observed 

(6) An unweighable amount of dust can produce an easily measurable 
charge 

My thanks are due to Prof Sir J J Thomson for the kindly interest he 
has taken in this work, and also for his valuable criticism during its progress. 
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1. IfUroduetion, 

The ignition of explosive gaseous mixtures for expenmental purposes 
18 generally made by an electric spark or train of sparks between fixed 
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tenmn&la. The temperature of inflammation oannot in tfaiB case be 
measured, and it is determined by that of a hot Borfaoe in contact with 
the gas, or by calculation from its adiabatic compression The fact that 
there is a critical temperature of ignition and that the velocity of an 
explosion wave can be calculated from the thermal constants of the gas 
and air, has led to the view that the process is a thermal one throughout^ 
with in general two stages, a period of slow combustion and nse of 
temperature, and the true explosion on this reaching a certain limiting 
value. There is, however, a more intimate possible cause of the division 
of the molecule of combustible gas which preoedes explosive combination 
Becent work on the ionisation of gases has made familiar the view that 
a molecule can be ionised by corpusoular radiation, and that by the gain 
or loss of such corpuscles the nature of the molecule can be profoundly 
modified The present paper is an exammation of certain typical gases 
and vapours for the puipose of finding evidence of the mechanism of the 
process by which the energy of the source is transferred to the gas at the 
moment of ignition 

A very full report on gaseous combustion was given by Prof W A Bone 
at the Sheffield meeting of the British Association, in the discussion upon 
which Sir J J. Thomson called attention to the possible influence of 
electrons in prepanng the way for an eiqilosion wave by ionising the gas * 
Following this suggestion an important senes of observations on gaseous 
ignitions has been recently made by my colleague, Mr J B. Thompson f 
He found that it is possible to ignite a cold explosive mixture by the 
incidence of X-rays on a platinum surface in it, and that when the source 
of igmtion IS a hot platinum wire an explosion is started at that temperature 
at which ions are discharged from the metal. These observations, if they 
do not decide the ionic origin of gaseous explosions in general, prove that 
lonisabon and explosion are intimately connected. 

Direct evidence of the kind of electrical action which starts a gaseous 
explosion under normal conditions is given by the dififotenoe between the 
powers of continuous and alternating current break-sparks It 
Ignition were a simple thermal process, the igmtmg power, measured by 
vaiyiog some non-eleotrioal factor, such as the percentage of combustible 
gas in the mixture, and finding the corresponding variation of the least 
Igniting current, should be proportional to the square of the eunent in tiie 
circuit, whether continuous or alternating, other conditiona being the same. 

* ‘Brit Amoc. Hep.,’ 1810^ p SOI. 

f 'Phya Zeitscbr,’ vol 14, pp. 11-lS, Jan 1, 1818, and ‘Soenoa Abatr.,' Ko 681, 
vel ifi, part 4, April 18, 1818. 

X 2 
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But when the current is alternating, tlie praaent exparuneuts show that the 
energy of the circuit required to ignite gas is much greater than when the 
current is continuous, m the case of methane 56 times greater at 200 volts , 
the Igniting effect is therefore not simply thermal Agam, the current in a 
metallic circuit is proportional to the number of free electrons passing per 
second When the current la broken, these are projected into the braak*- 
spark by the electric gradient at the moment of break, and a small volume 
of the gas m their immediate neighbourhood is ionised by them If the 
Igniting power of the current is ionic it should then be pioportional to the 
current, when this is unidirectional, and this is found to be the case in many 
gases over an important part of their working range of inflammability. 

The differences between continuous and alternating current are not only in 
the magnitudes of the effects, but m the manner ol development of the curves 
in a senes of related gases, for example, figs 2 and 11 for the paraffins 

The general conclusion of a previous paper* on this subject was that ignition 
by continuous current break-sparks depends mostly upon the nature of the 
arc, that by alternating current on the nature of the gas 

2 JEjcpenmental DetaUs 

Method — The explosion vessel having been filled with a gaseous mixture 
of the desired percentage strength, the poles are brought into contact and 
separated quickly, with a pause of about a second between each trial When 
the current broken is from 10 to 20 per cent above the least igniting current 
an Ignition is obtained at the first or second break, and when from 2*5 to 
5 per cent below the minimum, no ignition is obtained, however many breaks 
are made, except m the case of some less volatile compounds m which pro- 
longed sparking lowers the igniting current In the present work the least 
Igniting current was taken to be that which caused an explosion at about the 
fifth break. The black spots on the curves of results are the observed least 
values These are not the means of a number of determinations, but give 
the least value reached m any case They are correct within 2 per cent ; 
the slight variations in the state of the contact rods pravent closer approxi- 
mation. A fresh charge of any mixture was taken after 20 sparks had been 
made in it without ignition 

In the earliest trials the process of “ trial and error as the mmimoxa was 
approached was lengthy, but after the two characteristic types of ourrent- 
peroentage curves had been fouud, a single point served to fix the position of 
the curve, and it is now possible to determine one such curve a day. 

* *‘The Ignition of Coal Gm and Methano by Momentary Eleotfiio Am,” W. M 
Thornton, * Inat Mining Eoginean Trana,' voL 44, part 1, pp 145-174, Oot IS, ISIS. 
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Iliij4oiion Vessel — For most ot the expenmental work it waa found con- 
vement to use a glass explosion vessel 2\ inches diameter, 6 mohes long, 
with ends joined to inch tubes, and having two transverse arms f inch 
diameter, fitted with corks through which the terminal poles passed These 
were of iron, copper, or nickel, bent to cross at right angles, giving a point 
contact which could be renewed by sliding the rods along, and by making 
contact on the other side of the fixed rod The break was made by rotating 
one rod through a right angle 

Sate of Break — The duration of the arc at break, observed photo- 
graphically by focussing it on a sensitive film attached to a revolving drum, 
was found to depend, in the same gaseous mixture, chiefly upon the voltage 
and the material of the poles The rate of break had a nearly constant value 
of 12 cm a second Except at very slow breaks, from 1 to 2 cm a second, 
differences m the rate of break by hand had no measurable influence upon 
the current which, when broken, just ignited the mixture In every case 
the mixture before explosion was at atmosphenc pressure and in most cases 
at atmospheric temperature 

Material of Poles — In the previous work, iron and copper poles were used 
for the purpose of examining the influence of a break of armoured electric 
cable in coal mining, and nickel, because of its general use in sparking plugs 
of internal combustion engines In the present work, iron rods were used 
throughout, having a diameter of 0 1 inch 

8 Dependmee of Continuous Jgmtxng Current upon Vintage 

The higher the voltage the less the current required for ignition The 
curves obtained, of which fig 1 is an example, closely resemble the charac- 
teristics of steady arcs, which are known to be maintained by ionised vapour 
between the poles, and they have the same form at all percentages within 
the inflammable limits. 

4 Sdatton of Cwrrewl to Peretniage of CovnbustiUe Qas tn Mature 

The results in the preceding paragraph are of the some type for all the 
gases examined. We cow consider the influence of varying the proportion 
of vapour in a senes of gases, the chemical constitutions of which are dosely 
related 

Pwretffim, Senes — The lower limit of inflammabihty is very sharply marked 
in all gaseous mixtures. Many have been oaretnlly examined by Le Cbatelier 
and Boudousrd,* and the paraflin senes more aoouiately by Burgess and 

* Ls Ghatelisr at Boudonard, " Bur 1 m lamttM dTaflaumabilitd dM Vapsnrs," * do mptM 
Bsado^' voL ise, p. 1510 (1587) 
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Wheeler* I am mformed by Dr. Wheelei that he lias found the r^iper 
limits to be equally sharp, and am permitted to quote the followmg valnee 


AMKIU* 



Fio 1 — Variation of least igniting continuous current with yoltage on cirouit 
Methane Iron poles 

ior thorn, expressed m percentage volume of combustible gas in the mixture 
with air — 

Table I. 



Lower limit 

Upper bmit 

Methane 

6 60 

14 so 

Ethane 

6 10 

10 70 

Propane 

2 17 

7 as 

Butane 

1 66 

6 70 

Pentane 

1 86 

4 so 



_ _ 


Between these limits there has not been hitherto any means of observing 
directly the inflammability of the mixture, other than by its velocitj of 
explouon In fig 2 are given curves of igniting current for the pacaflin 
gases by the break-spark method, from which it will be seen tihat the change 
of susceptibility to ignition varies with the peroentage of gas m the same 

* * Ths Iiowsr Lunit of Inflammataon of Mixtursa of the BarafBn Hydrocarbons with 
A.ir,” by M. J Bnrgsss sad R V Wheelar, ‘ Chsm. Boo. Joum.,' vol 80, p. MU (10U)» 
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manner for all the gases examined. The curves have each three distinct 
portions, that which gives the peculiar form being a straight line pasamg 
through, or nearly through, zero, and expressing the fact that over the 
greater part of the range of inflammability the least igniting current is very 
closely proportional to the number of molecules of combustible gas in unit 
volume of the mixture At the lower limit there is a steep branch mdieating 
that the transition from the most mflammable mixture to that which cannot 



Fis S — Least igniting currents for the panaffin gawa in ur Gontinaous current. 

Iron poles 100 volte. 


be Ignited is sudden. The upper limit is approached rather more gradnally. 
The fact that the projection of the straight base lines passes through zero 
proves that the igniting current is proportional to the absolute number of 
molecules, not merely to the change of percentage. 

The gases were very pure. Pentane was prepared by drawing dried air 
through a wash bottle containing pttre Eahll^am isopentane heated to 
27° C. The methane, ethane, propane, and butane were very kindly 
prepared for me by Mr, T. F E. Bbead, M Sc , under Dr Wheeler's direction, 
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tudng the methods given in the paper on* the lower limit of inflammability 
They had the following analyses . — 

Mtihant — CH 4 = 98 per cent , 2 per cent nitrogen Sabo contraction C 
to absorption A on explosion 2 (ratio for CH« ss 2) 

Eihane — CsHe = 100 per cent Batio C/A on explosion = 1 245 (ratio 
for Csfi« = 1 250) 

Propane — CsHg = 99 7 per cent Batio C/A = 1*01 (ratio for CgHs = 1) 

Butane — C 4 H 10 = 100 per cent. Batio C/A = 0871 (ratio for C4H10 = 
0*876) 

The limits of inflammability found agree well with those given above, 
but no attempt was made to find the bmits within a small percentage The 
run of the curves from the observed points is a sufficiently close chedc for 
our purpose The tendency of the break-spark igmtion would appear to be 
to lower both the upper and lowei limits The most remarkable feature 
of the family of curves in fig 2 is that the same igniting current, that is 
the same energy, is reqiured for each most inflammable mixture, in spite of 
the great difference in the calorific values of methane and pentane The 
next IS that there is no square law, except at the limiting mixtures. The 
third that the most inflammable mixture is not always that in the propor- 
tions required for perfect oomhustion, but a mixture in which the air is m 
exoess 

The more symmetnoally the molecule is bonded the closer the comcidenoe, 
as shown in Table II , nn u the number of hydrogen atoms in a molecule of 
combustible gas, nc^-u the total atoms 


Table II — Ignition by Contmuous Current 


aM 

Host inflammable 
mixture, pm 

Hbtnre for perfect 
oombustion to CO| 

_ 

Pm M OO+H 

MethuiA 

per cent 

8 0 

per cent 

9 6 

82-0 

40*0 

Athuia 

fla 

6*6 

80 6 

40 B 

Propane 

8*9 

8*96 

81 2 

42 9 

Butene 

8 1 

8-07 

810 

48 4 

Pentane 

2 6 

a 61 

80*0 

42 6 


6 Inf/amee cff Nvmbvr of AUma m the Mokeuie upon Igniting Current. 

It IS safe to say on the electronic theory of oonduetion in metals that 
since the nuuimum igniting current is the same in every gas of the paraffin 
senes, the same number of electrons must be discharged into the mixture. 
The position of each curve in the figure depends on the sl<^ of the base 
line, that is on tiie ratio I/p, whera I is tto ignitmg current and p the 
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percentage of gaa m the mixture This elope is not proportional to the 
molecular weight or to the heat of combustion If the first step in electric 
Ignition IB a direct ionic attack upon the atoms in a molecule, tliere should 
be a definite relationship between the igniting current, considered as a 
source of ions, and the nuviher of atoms either in the molecule of com- 
bustible gas or in unit volume The ratio Ifp is found to be nearly 
propoitioual to the number of hydrogen atoms in the molecule, and since 
hydrogen is the most easily ionised of all gaseous molecules it is at least 
conceivable that if the effect is due to ionisation the ignition of the complex 
molecule of combustible gas is started by the ionisation of its hydrogen 
atoms, and that in its disintegration the first compounds formed are those of 
hydrogen and oxygen This is in agreement with Prof H B Dixon's 
conclusion* that it is during the “ preflame " period of ignition which 
precedes the true explosion that water vapour influences the rate of propaga- 
tion Any preferential " action of hydrogen and oxygen pnor to the 
formation of carbon products will be exceedingly rapid, and is probably 
beyond analysis 

Writing I/p =s ha, where n is the number of atoms in a molecule and I a 
constant, the relative values of It are given in Table III for the hydrogen 
and carbon atoms, the total atoms m the molecule, and the oxygen atoms 
required for perfect combustion N is the number of atoms in an " explosive 
unit*' (see §11), k is the current per atom of combustible gas per unit 
percentage mixture. 


Table III 


Gat 

1 

I/p 

K(- I/pa)iclOO 

Hydrogen 

Oarbon 

O+H 

Oxygen for perfect 
oombuetion 

N (lee 
Table IV) 

MsfthsDa 

in 

n 

190 


80 

28 a 

j BUiane 



90 

99 

98 

19 0 

Propane 

09 

97 

78 

20 

92 

10 5 

1 Butane 

0 98 

98 

70 


91 

10 4 

‘ Pentane 

1 

0 40 

88 

80 

98 

96 

9 7 


The outstanding result in the continuous current ignition of the paraffin 
senes is that each gas has the same minimum igniting current The mixtures 
at which this occurs are in most oases near those for perfect combustion, and 
though it is clear that combustion is an important factor even m the initial 

e ««The Initiation and Propagation of Explosions,** *Ghein. Soc. Joura,,' vol. 99, 
pp. 689-599, April, 1911. 
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stage, yet there is evidenoe that the influence of the discharge from the spark, 
whatever its nature may be, acts directly upon the atoms m a molecule rather 
than upon the molecules os a whole. 

6. The Alcchds 

The curves of fig 3 for methyl and ethyl alcohol are the same m type as 
for the paraffins, having a straight base inclmed towards the ongin The 
limits of mflammability are, from the carves, 5 and 21 per cent for methyl 
alcohol, 3 and 8*4 per cent for ethyl alcohol The most infiammable mixtures 

AMPcaes 



and nickel poles. 100 volts 

are at 9 7 and 6 6 per cent for methyl and ethyl alcohol respectively , the 
corresponding mixtures for complete combustion to COs ate at 12 8 and 
6 68 per cent The alcohols therefore agree with the paraffins in ^ir 
general mode of ignition by oontinuous current. 

The slope I/p of the base is slightly decreased by the addition of the 
oxygen atom to the paraffin molecule, so that the inflammabihl^of the vapour 
measured by this slope is lower There is also the vwy mteresting fact that 
both with iron and nickel polos the alcohol of greater moleoulur weight 
reqmres more current for ignition, in this respeet resemblmg the family of 
curves for altematmg current given m fig. 11, There is farther siimlanty in 
the more rounded form of the curves. In this ease we see ogam that the 
ratio I/p IB proportional to the number of atoms no 4 .M of combustible 
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gas in the molecule more nearly than to the oalonfic value , for the hydrogen 
atoms Its values are 0 032 and 0 036 , for the carbon and hydrogen together 
0 026 and 0 027. 

7 Bmvtmt 

The curve for benzene (C«Hs), fig 4, difiers in important features from the 
precedmg. It has no straight part and is nearly symmetnoal within the 



rMCSMT «rV»W«UK IHMR 

Fio 4 — Least igniting ourrente of benaene vaponr Oontmuoua ourreuti 100 \olte. 

Alternating, 800 roltst 36 ^ Iron poles. 

limits of 1 24 and 6 37 per cent found by Sorel* for pure benzene The 
most sensitive mixture is about 4 8 per cent , that for perfect combustion 
2 73 per cent There is clearly no relation between the latter and the shape 
of the curve, but the point of combustion to carbon monoxide is 4 47 per 
cent. The same form and position of the benzene curve is found when 
the current is alternating as when oontmuoua The evidence is therefore 
strong that in so far as the magnitude of the igmfong current is an 

* 'Carburetting and Combuation in Atoobol Engiuesi’ by E. S<n«l, traua Woodward 
and Preston, p 68. 
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indication of the atomic changes occumng at the instant of explosion, 
carbon monoxide is the chief and first product of combustion, and the 
formation of carbon dioxide is in this case a much slower process than in 
lighter gases Dixon has shown that combustion to carbon monoxide 
followed by burning to carbon dioxide is characteristic of the explosion 
of many gases. The evidence given here from the circumstances of 
electrical ignition shows that it is much easier to ignite benzene vapour 
when it burns to earbon monoxide than to carbon dioxide This is the 
reverse of carbon disulphide and hydrogen, where the most inflammable 
mixture is that giving perfect combustion The benzene molecule is much 
more complex than either of these, and it would be interesting to examine 
the influence of complexity upon the type of ignition Pentane has httle left 
of the straight line base 

The after*bumiug of benzene may be the reason why benzol fuel g^ves less 
shock tlian petrol * the combustion is not so sudden and is more extended 
over the stroke , the minimum igniting current, 0 9 ampere, is however much 
the same as pentane, in this respect differing greatly from carbon disulphide, 
the next vapour considered 

8 DmUpAtde of Caiim 

This Uquid is always found in commercial benzol and possibly plays an 
important part m the ignition of nob mixtures, for as shown by the curve 
of fig 5, the vapour is inflammable within wide limits of mixture with air. 
The liquid boils at 46 2° C and the explosive mixtures were prepared by 
heating the liquid over mercury in a contaming vessel and drawing a 
measured volume of pure gas into the explosion vessel, which was heated to 
prevent condensation on the glass or mercury piston. The limits, from 2 per 
cent to 45-50 per cent , are only approximate, but the curve has the same 
features ohaiactenstic of continuous current ignition of the paraffins and 
alcohols 

The most interesting pomts about it are the exceedingly small igmting 
current, 0 32 ampere, and the fact that the pomt for perfect combustion is 
nearly the most inflammable mixture* this is at 66 per cent The 
sensitiveness of carbon disulphide to ignition by break-sparks is m agreement 
with Hemptmne’s observation that detonating mixtures of it with oxygen 
are explosive at much lower pressures than most gases, the hmidiig pressure 
b^g about 13 mm. ‘ 

The discharge tube of glass from the explosion vessel became rapidly coated 
with sulphur after the ignition, suggesting a high state of atomic dissooiatum 
of the oombming gas during the explosion It was suggested by my colleague. 
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Dr J. A. Smytbe, that carbon disulphide being an endothermic compound, 
the supply of heat to it by the combusUon of a small portion of the mixture 



Fio B — L«aBt ignitmg currents of carbon disulphide raponr Continuous current, 
100 volts. Alternating, 800 vol^ 30 ~ Iron poles 

or from the arc might cause the rest to explode with liberation of free carbon 
and sulphur. 

The explosion is violent at all percentages 

9 Hydrogen and Oaiion, Monomde. 

Fig 6 In the ignition of hydrogen by contmuous current break-sparks 
the current is found to be the same in all strengths of mixture except 
towards the limits of mflammability The ignition is therefore an isolated 
molecular process, independent of concentration, lequinng only a certam 
mtensity of molecular movement to be produced From the thermal pomt 
of view this would mean a certain critical temperature in the spaik, 
from the corpuscular radiation standpomt a certain energy of projection 
from it 
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Fia 6 — Ij«Mt tgmting currents of li jdrogen m nur Cbotiuuous current, 100 volts 
Alternating, 800 volts, 36 ~ lion poles 

[Aprd 8fA, 1914 — Carbon monoxide, fig 7, differs from hydrogen in that 
the oontinitouB current curve is slightly inclined, and the altematmg current 
curve horisontal These two curves show, as it were, the genesis of the 
straight line type from a parabola symmetncal between the limits of 
inflammability ] 

10 IfifiwMe of Cxrcmt Voltage on Form <f Ovrves 

All the previous work has been done with a circuit voltage of 100 The 
influence of varying the voltage is to change the slope of the base in a regular 
and rapid manner, fig 8 

Voltage . 60 76 100 126 

Slopeof base .. . 0472 0 222 0119 0 0468 

The variation is approximately as the cube of the voltage, and is such that 
at voltages over 100 the igniting current is nearly the same over the whole 
range of inflammability, a point of importanoe in tlbo working of internal 
combustion engines The circuit voltage has no influence on the position of 
the point of greatest mflamxnability. 
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Fw 7 — Leaat igaitmg currentB of caibon monoxide in nir Continuous current, 
100 volts Alternating, 200 volts, 30 ^ Iron poles 

Msmin 



Fio. a— Influence of eimdt voltage on least igniting current in different percentage 
nuxtures of methane and atr. Iron poles, continuous ounent 
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11, " Tvme \)f Bxploaum” 

The paraiiin molecule is m general heavy and complex, and a number of 
oxygen molecules suifioient to form the products of combustion must 
surround it at the moment of disintegration This group of gas and oxygen 
molecules may be called the eacpUmve umt, and the number of such m 
unit volume is proportional to the percentage strength of the mixture 
The time of explosion T deiiends on the number of such units per cubic 
centimetre, and on the mass per unit volume of inert gas which transmits 
energy without raising it The minimum tune of explosion is to be found 
in that mixture in which the retarding mfluence of excess molecules which 
cannot enter into full combination is balanced by the accelerating indueuoe 
of the energy set free by their partial combustion If from this pomt the 
rate of explosion falls in projxirtion to the increase in the mass of inert 
gas, and the number of explosive units is dimmished in the same pro- 
portion, it follows that T will vary as the square of the change This is 
true as long as the units are so close that the space between them is not 
great compared with their volume after explosion, but forma as it were a 
shell around each -As the limits of inflammation are approached they are 
BO far apart that the inert gas forms a sphere around each umt and the 
explosive umt is small compared with the volume of inert gas The change 
of ineit mass then varies as the square of the distance between the umts 
and the time of explosion as the cube of the change of percentage [The rate 
of change of the volume of a sphere vanes as the square of its radius ] The 
peuod known as the time of explosion would thus appear to be capable 
of a simple meohanical explanation. The square law followed by jietrol 
indicates that the explosive unit is in that case large compared with the 
mass of inert gas, as indeed it is known to be, and the above argument may 
explain why simple gases have higher limits of inflammability because of the 
smaller volume and mass of the explosive unit. 

The shape of the curves connecting alternating igniting current and 
jieToentago strength of mixture has probably the same ongm They are, in the 
more regular gases — the parafflns for example — ^parabolic at the nunimnm 
and cubic towards the limits 

12, l>y AUerMtvng Omrmtt 

The curves expressing the expenmeatal relation between voltage and 
igmting currents, and between current at different frequencies and percentage 
of gas, ore eseentially different in type from thoee given above for direct 
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eunents. CouBider first the ignition of the mixture of mettume and air just 
giving complete oombuBtion. 

Voltage, Current, and Fregumey — ^At all voltages much larger currents are 
required to produce ignition than with direct current Below 100 volts the 
currents aie very large, from 200 to 600 volts are nearly constant, and at some 
point above this rapidly fall, to about 0 2 ampere at 2000 volts Thus, m 
places where electricity is used m the possible pi'esence of inflammable 
mixtures, as, for example, in coal mines, alternating currents are much safer 
than continuous, wliero open sparking may occur, and the higher the frequency 
(up to 100) the greater the safety The igniting current at 200 volts with 
oontiuuouB voltage is 0 5 ampere , with alternating ounent at 200 volts and 
100 periods per second the least igniting current is 20 amperes. This is the 
root-mean-square value and is given m the curves, but the ignitions ore 
always obtained from sparks giving the maximum flash, that is when the 
circuit 18 broken at the crest value of 28 amperes The arrangement of the 
resistance and inductance of the circuit was the same as that used with 

AMPOta 



methane and an Iron polea» alternating eurimt 


VOL, XO.— A. 


T 
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oontmuouB currentB^ so that the energj of any one spark is proportional to 
the current, not to its square Ihe alternating igniting current at this 
voltage 18 56 times greater tlian the least continuous current at the same 
voltage, and the difference shows beyond doubt that the energy of the 
coutmuoas current apaik is not transmitted thermally to the gas, for in that 
case the energies of ignition in the two cases should bo the same The shape 
of the curve of hg 9, similar to the isothermals of vapours below the critical 
temperature, suggests that one of the factors m the olcctrio oucuit may 
become critioal. It is clear that it can only be a time effect, and that 
time must play an important part m the phenomena of ignition The 
honzontal part of the curve disappears, as shown, both at high and low 
frequencies, for at the highest frequencies it is practically a continuous arc, 
and at the lower it approximates to the direct current hyperbolic type At 
moderate frequencies the arc in reversing strikes across the ionised vapour in 
the break gap and may persist for several periods If the break occurs m 
less than 0 05 second — the minimum time of ignition — the onlical change of 
energy in the gas may never pass into the explosion stage There should 
then be some period at wluch the remarkable influence of frequency reaches 
a maximum The highest frequency in the present case at which it was 
possible to make measurements was 100 a second, and it is seen from 
fig 10 that the maximum la being here approaohed At frequencies of 
several hundred periods per second ignition will no doubt bo obtained by 



Fra 10 —8 O-per-MUt. mixtore of methane and air, nMwt difficult to ignite at 
100 penode per lecond. Iron polee, alternating eorrant. 
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smaller currents The curves are of the usual tnal and error type and 
show that the approach to the maximum is a statistical one, but the effect 
of nuBing the fraquency is to avoid, as far as possible, the ignition of the 
gas and the curves would be symmetrical about the point of maximum 
difficulty of Ignition If the ignition of a gaseous mixture is a thermal 
process alone the frequency of the current should have no effect as distinct 
from the energy of the spaik, but it has, in fact, an exceedingly great influence 
on the magnitude of the current required to be broken, on influence which 
can only be accounted for by the rapid alternation of the voltage between 
the poles preventing the fieo escape of ions from the spark 
There is again one frequency at which the horizontal portion of the curve 
18 longest This is when the frequency is about 50, and is much more marked 
when the poles are nickel * An approximation to the form of the curve is 
obtained by considering the ordinates to lie inversely proportional, not to the 
voltage alone as m fig 1, but to the product of the voltage and the time of 
duration of the break-spark At low voltages this duration is directly pro- 
portional to the voltage, it then reaches a maximum, falls over a long range 
of voltage and nses again as the grachent becomes so great tliat the oir in the 
gap IS ionised by it alone For direct currents I = a/ V where a is a constant , 
writing for alternating currents I = a/VS, where S is the duration of the 
spark, the igniting current will vary little from B to C, fig 11, if it 

SECOND 



Fio 11 — Influence of voitege on duration of continuouo current break-sparks m 
methane, 9*5 per cent Circuit non-inductive* Irou polea* 

depends on the product This product u known to be constant for a portion 
of the steady continuous current arc cbaraotenstic When S is directly 

* ^ The Ignition of Coal Gas and Methane by Momentary Electric Ares, 'Woe. , fig 19 

T 2 
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proporboDal to V, a$ from A to B, IV* is ooastMit, and m S sums agaw 
above C, I faUa in the same direction as belote towards the honsontal axis. 
When the voltage la high enough to atnke a eontmoouB atream qparha 
between the poles when separating, S is infimtelv large. 

The time of duration depends on tlie mdaotanoe of the oironit In all 
these alternating current experiments the mroait was non-inductivet that is 
the power-factor was never less than 0 95, and the currents had a pure ame 
wave fonn. 

13 Rdatwn of Jgmtvng CwrrenJt to Percemtage of Qua tn Jlfuiure 

Paraffin Serws — Working with alternating ourrent more trials are required 
than with continuous ourrenta to obtain the least ^itmg current, for the 
poles may be separated at a value approaching zero, or at a crest value of the 
current In the one case there is no arc, m the other it is at a maximum. 
The final cntical igniting current is, however, htUe affected by the unoertainty 
of break 

The curves of fig 12 obtained for the paxafiin gases are remarkably uniform 
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Fio 12 — Lesst iguitug onirenU for the paraffin gaaw in air Altonatiag 
oumat, 200 volta, 30 Iron pdaa 
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m type end fit closely into a re^lar soheme Timr most stsnkiug laataxe i« 
tiikt the higher hydrooarbone are the most difflonlt to ignite by bmek-speiks, 
e ftet which must profoundly affect onr measure of iaflammafathly. fliey 
can be ignited in weaker mixtures, but not so readily Pentane talces three 
tunes more energy to ignite by alternating currents than methane. Another 
interesting feature is that the curves are as nearly as possiUe symmetncal 
between their upper and lower limits mfiammabihty, the mannuan 
inflammability being at the mean of the extremes In the family of curves 
for continuous current in fig 2 the minimum onrrents are the same Idiroi^hottt, 
in that for alternating currents m fig 12 tho produet of the minimum 
eurrent and the percentage at which U ts found ts the eame fbi nerg got, as 
rimwn in Column 7, Table IV The heat of combustion of pentane is four 
times greater than that of methane and it cannot be suggested that tito gas is 
more difficult to ignite because of its greater heat of combustion, for the 
alternating igniting currents of ethyl and methyl alcohol are the same, fig 1*3 
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Fio 13 —Least ig ni tin g currants for alcohol 300 volte, 36 ~ Iron polce 

14. AitomM Ndtwre of Break-eparh Igmtion, 

But if It is tme that oombusUon is ^ formation into more stable 
oompoonda of moleeules eleotnoally unsatuzated and that no oombiaation 
takes place until they are ionised eithsr wholly or In part, it would follow 
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that the igniting current should be proportumal, if the prooess u moleonlar, to 
the number of molecules of combustible gas m the mixture, or if it u atomio, 
to the number of atoms of one or more of the constituent elements From 
Table IV it will be clear that, as in the continuous current case the igniting 
current was most nearly proportional to the number of hydrogen atoms m a 
molecule of the combustible gas, it is here proportional to the total number 
of atoms in each molecule of combustible gas or m each explosive umt It 
follows that the product of the number of molecules of combustible gas m the 
most inflammable mixture and the number of atoms m each of its molecules 
should also be constant, and this is seen to be the case m the last column. 
Table IV. N is the number of atoms m on explosive unit, the number of 
atoms m a molecule of combustible gas, pm the percentage of gas in the most 
mflammable mixture, and I the lowest point of the curves — 


Table IV. 


Om 

Fonnula 

Fonnnla 

weight 

Least 

oumntf I 

P 

mm 

N 

I 

I 

N 


Nexpim 


OH4 

16 

2 7 

10 2 

9 

27 6 

0 80 

91 8 

61 

fitiwae 

0,H, 

80 

4 0 

6 9 

16 

ss 3 

0 27 

108 

66 2 

PropuM 

OA 

44 

6 45 

4 8 

21 

80 6 

0 80 

100 

62 2 

Butene 

^4^19 

88 

8 8 

8 76 

27 

82 0 

0 82 

100 ' 

61 8 

Pentene 

o.ii» 

72 

0 2 

8 06 

88 

26 7 

0 28 

ee 1 

61 8 

Mean ralues 

29 1 

1 204 

os 8 

62 4 


The family of curves in fig 2 for coutmuous current may be represented by 
the equation I b Iqpn, where k is the same constant for all the paraffins, 
the percentage of gas in any mixture, and » the number of atoms m a 
molecule of combustible gas The corresponding equation for the alternating 
current curves of fig. 12 is I ss aNe+&(p— />«)*, in which the constant a is 
the same for all the gases, and I a constant for each gas, increasmg with its 
molecular weight These equations give the ignitmg current for any 
percentage p of combustible gas in air Methane appears in this to be 
somewhat out of line witli the others The values of h are, from the curves 
of fig 12, 

6 . hjtaiA. wt. 

Methane 0 606 0*0378 

Ethane 0601 0*0200 


Propane 0'900 0*0206 

Butane . 180 0*0224 

Pentane 140 0 0194 
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For the paraffins, therefore, continuous current ignition above the point of 
perfect combustion varies as the percentage of combustible gas, alternating 
current ignition as the square of excess of either of the combining gases 
on each side of the point of maximum inflammabihty 

There can lie no doubt that the shape of a molecule must in some way 
affect its resistance to being broken up, so that great uniformity can scarcely 
be expected in numerical results of this kind. The methane molecule CH4 
must differ from the higher homologues of the form CHrCHrCHrCHs, 
and the results with ethane, propane, and butane agree well together in all 
oases 

The explanation of the difference in type of the benzene and carbon- 
diBulphide ignitions may be that in the latter case there is explo<uon 
(without intermediate stages), and that in the former, however ignited, there 
18 first very full dissociation of the molecules around the spark 

15 Came of Ihfference between Continuom and AUemaHng Current IffmUon 
when the Oas Percentage %s Varud 

The continuous current curves of figs. 2, 3, 5, and 7 derive their peculiar 
form from the fact that the igniting current increases in proportion to the 
number of moleciJes of combustible gas in unit volume of the mixture 
The alternating current curves m general are entirely different m shape, and 
are nearly symmetrical within the limits. The minimum current, either 
contmuous or alternating, must clearly occur at that mixture in which self- 
Ignition IS most easily started, and since with continuous current ignition 
the forcing action of the spark quite masks any changes in the gas m 
contact with it, it is interesting to examine tlie conditions most favourable 
to alternating current ignition The values m Column 5, Table V, are of the 
percentage of combustible gas ignited by the mimmuin current 


Table V — Ignition by Alternatmg Currents 



Linuis of 
inflaznnuibihtgr 

Mean 

Obeerred 

from fig 11. 

Oombustion 
to OOt, 
at per cent 

Combustion 
to CO, 
at per oent 

Mean 
of two 

Iasi 

ICflthsae 

6 7 

14 8 

10 25 

JO 2 

e 5 

18 0 

10 7 

Sthsne 

a 1 

10-7 

0^90 , 

6 9 

6 5 

7*7 

e e 

Fropsae 

a 17 

7 S6 

4 7$ 

4 8 

8*06 

6 0 

4 98 

Batena . 

1*85 

6 7 

a 57 

a 75 

8*07 

4*38 

3 72 

Fantaas 

1 86 

4 6 

2 92 

$ 06 

2 61 

8*61 

8-06 


All the parafSn gases are therefore most easily igmted by alternating 
arcs m mixtures giving combustion neither to CO nor C0|, but to the 
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mean of these, and these again agree with the means of the upper and 
lower limits It would appear from this that the limits of inflammalRhty 
of the paratfin senes, and possibly of others, may be ooiitroUed by dilution 
of the most inflammable mixture symmetncally on either side of combustion 
intermediate between CO and COa In the ease of carbon disulphide and 
hydrogen there in explosion rather than relatively slow combustion, and the 
conditions are not the same 

Thus while continuous current ignition is easier m mixtures approachmg 
perfect combnstion, as shown in Table II, with altematmg current an excess 
of combustible gas favours mflammation , and theie is no change of type, but 
a regular fall and nse of the igniting currents between the limits 

16 Alcohol, 

The alternating current ignition curves are given in fag 13 They have 
the same parabolic form as the paiafiins, but, unlike them, have the same 
minininm current, m this resembling the oontmuons onnent paraffin curves 
of flg 2 

The limits of inflammability given by Sorel are 2 5 and 8 8 per cent for 
ethyl alcohol, 4 8 and 20 for methyl aloohoL Both limits are slightly higher 
here The minimum currents occur at 6 3 and 13 per cent , a ratio of 2 06. 
The ratio of the lower limits of inflammability is 1 9 and of calonfic values 
1*9 The ratio of the oxygen required for perfect combustion of ethyl to 
that for methyl aloohol u also 2 It is possible that all the other ratios 
depend on the oxygen required for complete combination The igmtion is 
thus more thermal in type than that of any of the other gases examined , 
aloohol engines might then mu to best advantage with a hot spark The 
igmting onrrent, at atmospheric pressure and temperature, is about 07 of 
that required for bensene, or of hexane, the chief constituent of petrol 

Complete combustion to COs occurs at 12 3 per cent for methyl alcohol, 
6 6 per cent for ethyl aloohol , the most readily ignited mixtures are at 
13 and 6'3 per cent, respectively 

In the paraffin series the product of the percentage pn tiie minimum 
of the curve and of the number of atoms of hydrogen in a molecule was 
constant 

This IS not the case for the alcohols, as shown m Table VI 

The product of pm and the atoms of oxygen required for perfect oombustion 
IS 39 for methyl aloohol, 87*8 for ethyl aloohol 

It 18 probably the oxygen and not the carbon atoms which decide the 
position of the minimum of the alternating current eurvee for alot^ol ; for 
both Coquilhon and Sorel have observed that the upper limit of inflammaltthfey 
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appears to oorreapond to the quantity of oxygen capable of bamuig ^ 
hydrogen (Sotel, loo cit.). 


Table VI 


AlMfaol 


Methyl 

Ethyl 


Pm 

pm H number of ftionu in n moleoule 

PmnV. 

Oarboa 

Hjdroiten 

Total 

18 0 

IB 0 

08 0 

78 

117 

6 a 

12 6 

87 8 

66-7 

1 

96 


17 Benzene 

With alternating current arcs the most easily ignited mixture is at 
4*5 per oent, as seen in hg 4 Combustion to COs is at 2 73 per cent , to 
carbon monoxide at 447 per cent. Hie curve la symmetrical abont the 
point of combustion to caihon monoande alone The alternating igniting 
currents are more than 12 tunes greater than with continuous voltage 
The incomplete combustion of benzene m explosion indicated by these 
results mqy account for the apparently unavoidable deposit of carbon in 
engines driven by benzol 

18 Carhon Dttulphide. 

This curve (fig 5) is remarkable for its resemblance to the continuous 
current curve The least alternating current is about seven tunes greater 
than the least oontmuous igmting current The limits were not found, but 
the curve indicates that they are between 1 and 2, and between 40 and 
46 per oent The ignition of carbon disulphide by alternating current 
break-sparks is of a more violent or fcurced character than in most gases. It 
should be excellent as a starter of ignition, and tius may be its chief rtAe in 
commercial benzol for internal combustion engmes It may be well not to 
attempt to remove it completely in spite of the corrosive action of its 
products. The most inflammable mixture is near the point of perfect 
combustion to 00a. 

19 Hydrogen and Carlton Motuxnde 

The ignition of hydn^en by ahemating current break-sparics has several 
mterestkg features. The lower limit is about 10 per cent. From this the 
oorve (fig 6) falls as if to a mimmum at 42 per cent , the pomt for perfect 
combustion, and ahnoet midway between the limits usually given of 10 and 
72 per oent when ignition is by high tension sparks. But at 82 per cent 
tiw ignition suddenly changes type, the curve beoomes a straight line 
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passing nearly through the origin and extending to 70 per cent • at which 
point there is evidence of a more rapM nse of current. 

There is here a more than usually clear combination of the alternating and 
continuous types of igmtion 

Carbon monoxide, fig. 7, shows a transition between the types, the 
continuous current curve between the paraffins and hydrogen, the alteniatmg 
current curve between hydrogen and the symmetrical parabolic curve 

20 Abaenee of Iiflwnee of HAemal lontaai-um. 

Although it would appear trom the nature of the results that the mfluenoe 
of the arc is confined to a small volume — a few molecules thick perhaps— 
around it, yet within that space the action must be intense The effect upon 
the Igniting current of exposing the gas in the explosion vessel to any 
lonismg source such as X-rays or strong ultra-violet light (through quarts 
windows) IB too small to observe when there is no platinum present It 
was less than 0*5 per cent, with lUummating gas at atmospheric pressure, 
which, containing a large proportion of hydrogen, might be expected to be 
sensitive to ionisation 

A glowing static discharge from needle pomts had also no perceptible 
influence on ignition. 

21 Sunma7]f of Altemat%nff OurmU SeoiUta 

The difference between the continuous and alternating current results 
anses from the rapidly-reversing electric field across the spark dragging the 
electrons or ions from pole to pole and preventing their escape mto the gas. 
Alternating igniting currents have therefore to be much greater than 
continuous currents at the same voltage This diSerenoe is increased by the 
approach of the period of the current to the tune of duration of the break- 
spark The latter varies with the voltage in such a manner that the igniting 
current remains constant m value over a long range of voltage 

The Igniting currents of the paraffins increase as the order rises, th 4 
product of tJie mtmmum mrrent for each g<u and the pmentage at whteh tl 
oeeura bemg conMant, 

The product of the number of atoms m a molecule of combustible gas and 
of the above percentage is also constant, so that the number of aUme m unU 
volume tn all of the moat ttflammeMe mwturea «s the ecmu. The igniting 
current is most nearly proportional to the number of atoms m the group cd 
one molecule of combustible gas and the oxygen requited for combustion 
forming an explosive umt. The paraffin gases, after methane, axe most easily 
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ignited at a percentage giving combustion midioay between carbon moncecfide 
and dtoimde, and both hmits of inflammability are symmetrical from this 
point. Benzene is most easily ignited when burning to carbon monoxide, 
alcohol to carbon dioxide. Carbon disulphide and hydrogen have the forced 
or continuous current type of ignition External ionisation which does not 
itself cause ignition has no measurable influence on the least igniting 
currents by break-sparks. 


22 Concbmon. 

On the whole it would appear to be probable from the great differences 
in magnitude and type between continuous and alternating current ignition 
that some kind of ionisation precedes combustion, for the evidence is strong 
that a relation between electrification and chemical change not unlike that 
of ordinary ionisation occurs at ignition, caused possibly by the violent 
collisions which must occur in the gas in contact with high-temperature 
sparka That a gas has a particular temperature of inflammation may 
mean that ionisation by collision begins at this temperature — as in the case 
of ignition by hot wires quoted in §1 — with absorption of energy from the 
source or, later, from that liberated by recombining atoms On this view, 
when the molecular energy set free by combustion of a molecule exceeds 
that required for mitial ionisation of an adjoining molecule there is true 
explosion, and since it is probable that all three modes of molecular motion, 
translation, rotation, and vibration, have part in the process of ionisation 
by collision, the mfluence of temperature, which depends only upon the 
translational eneigy, may be in certain oases of secondary importance 
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By R A Houstoun, M A , PLD , D So , Lecturer on Physical Optics in the 

University of Glasgow 

(Ck>iniaunicated by Prof A Gray, F B S Received February 13, 

Read March 12, 1914) 

This investigation is a oontmuation of a former one lu which an expression 
was derived for a light pulse with an energy distnbution given by Wien's 
law.* The first three paragraphs are supplementary to the former paper , the 
rest of the investigation deals with the passage of the same pulse through a 
pnsm and its separation into the different colours m the focal plane of a 
telescope. The general priuoiples aocordmg to which this must take place 
are, of course, known, but here the actual disturbance at every point in the 
focal plane is given for the first tune as a definite function of the tune and as 
a result it is possible to state how many waves there are in the trains, which 
the single initial pulse gives nse to m the various parts of the spectrum 

§ 1 My general expression for the initial fonn of a light pulse was 

where I did not notice until after the former paper vras 

commanioated, that this expression is 

1 f* 

--pr I «"**• cos MX 

The pulse is thus equivaleui; to the superpositioii of an infinite senes of 
cosine waves of gradually increasing wave-lengtih, the parameter of the wave 
being oonneoted with the wave<length in air by « a 2w/X and the amplitude 
being given by e"****'* According to the former paper the velocity of such 
a wave is l/>/(«c) Henoe after time t the disturbanoe beoomeB 

But. when t'jc was large, the disturbance was shown to be proportional to 
j£,e-Woo8(<»/4«»). 

* "The Mathemstiosl Beprenatation of a Li,^t False,’' 'Boy. Soo. Proa,’ A, v<A 8^ 

p. 889 (1918) 
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Coaaequfntly oa putbug w tho oonstants whioh w«n negbcted fonnerlj for 
the soke of umphcitj we arrive by physical reasoning at the new integral, 

(**Urge) cos « 

§ 2 Planck’s law for black body radiation is 

ri 1 _ Cl e~‘*'** 

* <.<-VAX_l " x» • 

Except for high temperatures and in tho far infra-red, amall in 

companson with 1 Hence the denominator may be expanded ns a senes and 
the law becomes 

-6 + + ]• 

each term being of the form of Wieii’n law but with the oonBtants multiples 
of the Wien law constant It follows, therefore, that the Planck distribution 
must be given by the initial disturbance formed by superposing the pulses 
which would give these separate Wien distnbutiouH That is, in the notation 
of my previous paper, the pulse initially represented by the senes 

co8^-tau“’*(ir/A) , ooB4tan*'(;r/2/0 , cosf tan“^(a5/3A) 

gives a distnbution of energy obeying Planck’s law This was hrsl pointed 
out to me by Dr Qreen 

In fig 1 the dotted curve represents the first term of the senes and the full 
curve the sum of the first ten terms of the series both drawn for /< = 1 The 
addition of the remaining terms of the senes would at the moat raise the full 
curve 0 02 all over There is thus not much difference in the shaiie oi the 
pulses giving the Wien and Planck distributions 
As shown in the former paper A vanes inversely as the absolute temperature. 
If the absolute temperature is doubled, A is halved and it is seen from the 
fotm of the curve that the shape of the pulse at the new temperature can be 
obtamed from the first shape by multiplying the ordinates throughout by 
2^, t.e. by 6 66, and at the same time movmg each of them half way into the 
oentre. As the temperature increases the pulse thus becomes narrower and 
sharper The value A ss 1 corresponds to an absolute temperature of 
T » fli/(4w) « l'486/(4w) » 0’114« 

The ourves representing the suooessive terms of the senes can be obtained 
from the curve representing the first term multiplying the ordinates 
0177, 0*064, 0*081, 0 018, eto„ and at the same tune moving them out twioe, 
thrice, four tunes, five times, eta, their dutaoee from the oentre. The full 
onrve u fig. 1 ahowing the first 10 terms of the senes wes ohtemed m this 
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way by oonstruotm^ the diffetent terms the first graphically and then 
summing then 

§ 3 The expressions derived tn the previous paper represented plane light 
pulses movmg in the direction of the x axis A little consideration shows 
that they can easily be adapted to the three-dimensional ^ase of symmetry 
about a point 

Consider the equation 

^(r8)+,?|(rS) = 0 

It IB solved by rS s= ® ” ±’'/(2wc) S oonseqaentlj 

represents a wave diverging from the ongm in a medium lu which the 



velocity is directly proportional to the period. By analogy with equation (1) 
of the former paper 

rSs 

IB a solution of the above equation, Oonsequentlf our former solutions may 


S(tr)^ * \/(A+ir) 
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be adapted for three-dimeuBional motion by the simple artifice of wnting r 
for X and multiplying by Ifi For example, the initial shape of the 
disturbance with the Planck distribution of energy is 

§ 4 Let a plane light pulse with the Wieu energy distrihution be incident 
normally on the faco OA of the prism AOB (hg 2). Then before incidence 
it may be represented by 

f 008 » (l—vt) a^d», 

Jo 

where I is distance from OA measured positive from left to right and v is 
the velocity of light in air The prism is situated in air and has a refracting 
angle of 30° In this section we shall find the shajie of the disturbance 
immediately after passing through the pnsm For this purpose we shall 
Ignore the loss by reflection at the faces OA and OB, and shall also assume 
the pnstn to bo unlimited in the direobou OA. 

The treatment depends on the principle of the superposition of small 
vibrations I^et us suppose we have a series of infinitely long trams of 
cosine waves incident on the prism and that the amplitude of each train is 
given 111 terms of its parameter by The direction of each train alter 

Its emergence from the prism is known, since the mdex of refraction of the 
latter is supposed given, and the phase of the emeigent wave is also known, 
smoe it coincides with the phase of the incident wave at 0 Then, smee the 
impulse IS equivalent to the superposed cosine trams before incidence, it 
must be equivalent to them after emergence It must be observed that in 
no physical sense are the oosme trains contained in the impulse. 

Let OX be the direction of emergence of the cosme tram with the greatest 
amplitude Denote the parameter of the latter by oo, then it is easy to 
show that oo ~ 3/2 /( This train is represented after emergence by 

008 «o 

The other trains make small angles with OX after emergence and henoe 
must be represented by 

e~**oo8«((8 0os^+yaind— (1) 

where 0 is a function of » Let us assume that sm 0 as h (I/ao— l/«), 
where Xi is a constant , this makes the deviation vary with the wave-length 
in the right direction and gives a function capable of integration. Also 
assume 0 so small that cos 0 may be put as 1 Then after emergence from 
the pnsm the total disturbance is given by 
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J e~** oo8«^®+A 

sr f«“*»ooB[« {®+(&/«o)y— -—kyltfl^dei 
Jo 

“ f«”**[oo 8 « {a!+(i/«o)y— omh/+tmu{x+{kla{t)y—vt}tmlcy\^dii 
Jo 


|ooB4tan~^ri®' 


/•~v(|/A|CQa/ 


[A»+{*+(*/«o)y-w<}T* 


r (f) am J tan"* [{»+ (A/ao) y“«<}/A] am Ay 

TA*'+T®+(i/««)V-»<}*F 


r(i)co8[|-tan~^(l/A)(a!4-(A/«iQ)y—t^} —Ay] 
“ [A*+ {®+(A/«o)y--i'<)*]''^* 


It 18 evidout that after passing through the pnsm the disturbance is still 
a pulse and of much the same thickness as before Its oliaracteristios are 
best studied by giving the constants defimte nnmenoal values 
Suppose that the temperature of the source is 6000° absolute, the 
commonly accepted value for the sun Then 

A » («/47rT = 1 436/24.000ir - 1 904 lO"® 


and «o = 3/(2xl904xl0'»)»787 10® 

The wave-length oorrespondiug to «o le 797 10~'om, a value fbr the 
extreme red end of the spectrum 

If the prism were made of light barium crown glass, the index of refrac- 
tion for «o would be 1 512, for « s 1'066 10* (D hues) it would be 1 617, 
for « sa 1'292 10* (blue hydrogen hne) it would be 1 623, and for 
« ss 1*562 . 10* (violet mercury hne) it would be 1 5318 The deviations for 
these wave-lengths would then be respectively 19“ 7', 19° 20', 19° 36', and 
20° 0' The differences of the last three figures and the first are 13', 29', and 
63' It IS impossible to fix our constant A so as to make the deviations 
accord exactly with those of any known glass, but if we take 1 8 . 10* as its 
value, the excess of the deviations of the last three wave-lengths over the 
first would be 20', 31', and 38' We shall take this value for A , thus the 
dispersive power of the material of our pnsm is somewhat similar to that of 
croen glass 

Let us now examine the distnbution of the disturbance for t s 10~**seo , 
%e the time taken by a cosine tram to move out 8 om. frinn the raigin 
Write st—vi ss f, t.e ( ss 3 om Then, if the ocmstant factor be qpimred, 
the disturbance is the product of 



and oos[f tan-*(l/A){f+(A/«,)y)-Ay], (2) 
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The first factor is a maxunmn along the straight* line f +(ifc/*o)!y ^ 0, %e 
{+0 0229^^0. This straight line is represented by CD in fig 2 The 
first factor diminishes to zero on botii sides of the maximum and has 
reached 1/100 of its maximum value at a distance of ;±; 1 19 10~* cm. from 
CD. We shall consider the variation of tiie second factor only within this 
distance from CD 

As ( varies from — oo to + w , the second factor vanes &om 
008{—(5w/4)->l;y} to cos { +(5w/4)--%} It cannot thus have more than 
two maxima for one value of i/ The locus of its maxima is given by 

|tan“‘(l/A){f+(l,/«o)y)— ly = 2»wr, 

%f, (l/A){f+(*/«o)y} = tanf(2»*-+*y), (3) 

which obviously represents a family of curves, one for each value of n 
These curves give the position of the crests. 

In equation (.*{) keep f + (I'/eo) y — ^ and gradually increase y, t«, move 
along the straight hne CD. Whenever Ay = — 27Mr, the equation is satisfied, 
that IS, whenever 

y = -2?wr/l 8 lO' 

This equation therefore gives the points m which the curves cut CD Tliey 
ate equidistant and about 3 48 . 10^'^ cm. apart 

From (3) we have 

If we write p to denote the perpendicular distance of the point ({, y) from 
the hne CD, then, by (3), 

8eo*^(2»wr+Aiy) * l + tan*f (2air+Ay) = 1+^- 
On substituting this in (4) we have 

All the curves are therefore parallel for a given value of p. 

When the first factor has dimimshed to 1/100 of its maximum value 
p*/A* as 39. On substituting this and the values for h, k and «« we find 

-.00229-(-00137x40«063. 

dy 

For CD Itself d^Jdy has the value — 0'0229 

From the above results an idea of the poution of the exests may be obtained 
and they are represented in fig 2, very much out of scale, by the short curves 
orossmg CD. 
voi, xo— A. 


z 
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The equation of the creel through C is obtained from (3) by putting n a* 0 
and may he written as p=shta3a.%ky 

1 have drawn it to scale in tig 3, CD denotes the same hne as in fig 2 and the 


D 



Fia 3 


lines through G and H parallel to CD are those 
for which Idle first factor has 1/100 its maximum 
value The ends of the neighbounng orests come 
into the figure As has been pointed out, all the 
crests are equally spaced and have the same shape 

It 18 obvious from fig 2 that the shape of the 
disturbance is analogous to the ship waios that 
would be produced by a pressure point moving 
along OB This analogy has been used by Dr 
Green * 

An important assumption has been passed over 
in silence, namely, that cos 0 may be put = 1 in (1) 
In the violet when 0 = 38', cos 0 = 1—31 10"*, 
a; IS 3 and « is 1552 10* Hence the error 
introduced in the phase is the large one of 14*4 
radians It diminuihes towards the red. It seems, 
however, from the applications of the principle of 
stationary phase, that only mterference between 
waves of nearly equal wave-length is important 
and the relative phase diiferenoe of such waves is 
not affected appreciaUy by the approximation 
In any case the results are ngoions for the neigh- 
bourhood of the X axis It the accurate value is 
substituted for cos 0, the expression will not 
integrate 

§ 6 In the previous section the nature of the 
light was considered immediately after emerging 
from the prism, before the colonrs have time to 
separate out, in the region where, if a screen is 
interposed, a white rectangular patch is obtained 
tinged on the one side with red and on the other 
with violet. We sfaiUl now investigate the disturb- 
ance in the focal plane of the spectroscope telescope 

Hitherto difftaction liae been ignored. It is now 


fondamental Let the pulse he incident normally on the fisoe OA ae before, 


* “ Illustration of the Itodut op<irem<H of tb« Pnam,'’ ' Boy. 8oc Bdiu. Vne.t vol. 31, 
p 290(1311) 
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but let there be a Hcreen (fig. 4) on the othei face lestnoting the length OB 
that can be used Let h be the greatest thickness of the prism used After 
(unergenoe from the prism the light is received by 
a lens vhioh has the property of making a parallel 
beam converge to a mathematical point. The 
diameter of the lens ih ho large that it receives all 
the rays that pass through the aperture OB , the 
latter oauHes the diflraction, not the nm of the lens. 

Befleotion and absorption losses are ignored both lu 
the prism and the lens 

Each point on the face OB must be considered as 
sending rays of all j^ossible wave-lengths in every 
direction Take a definite direction OE, winch is 
specified by the angle ^ winch it makes with ON, 
the uoniial to the face OB To this direction there corresponds a point P in 
the focal plane of the lens Let the optical distance of P from 0, measured 
along the ray, be s 

Let us considei the distuibance at P due to rays of parameter a We have 
to sum an mfinite number of rays of equal intensity and period but uniformly 
increasing phase Let 2p be the dillereuce of phase in radian measure between 
the first and last of them. Then, as is well known, the amplitude of the 
lesultant varies as (»uijp)/p. 

If BE IB drawn perpendiculai to OE and ii denotes the index of refraction 
of the prism, OE = OB sin ^ = 26 sin and consequently 

2p =: 26ein^) = 016 (/t— 2 sin 0 ) 

A» 

Tlie phase of the resultant is the phase of the meau ray Consequently the 
disturbance at P is given by 

To get the whole disturbance at P we have to mnlteply the above expreesion 
by t~** in order to take account of the shape of the initial pnlse^aud than 
integrate vritb respect to » The result is 

,-*«^!E£oob {«(«— 

0 P 

jp IB of course a function of «. For the expression to be integmble we are 
reatncted to one function, We shall asaume this vslne, holding over the 
qaeBtion of ite juBtifloation. Meantime it shonld be noted that / and g are 
oonatantB of the prum and independent of the shape of the inadent pulse. 

z 2 
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As we move through the epeotrum we know from its physical nature that 
(am p)/p remama zero until we oome to one particular point, then rues 
Buddenly to a peak and immediately decreases as suddenly to zero again 
The otlier two factors of the cosine in the integrand vary so slowly within this 
region that they may be taken outside the integral sign. We have left dien 


Write and gjf s= ui 

becomes 

8»i//3 


Then ^ = «— «i and the integral 


_ P sin {/8(«—?;f)+*i(s—v0}— sin {)9(»—®<-2/)+«i («—«<)) 

"J... 2//? ^ 


=i:. 

, f* 8in/8(«— »f)— 8m/8(»— vf— 2/) 

= co8«i(«-v0j — — ' 


Hin /3(8^^()coB «i(8—vt)+Bincii(s—vt)eoa/3(s—vt) 
_ 


dfi 


+..n „(.-■«) f 




1 , jvff***"**’ 811^ ,■) 

+ i«« (5) 

LJ— a|(*— »t) y J y J 

The mtegralB in the brackets are known as the sme integral and cosine 
integral, and their values have been calculated for all values of y by 
J. W. L Glaisher,* 

The first bracket can be re*written 


J -«,(•-»<) y y 

Let us consider the second term first. It will be shown fwther down that 
2/ IS positive and much smaller than « When t » 0 both limits are +ao , 
when i as (9.-~2/)/v the lower limit changes to — eo , and when t as $/v the 
upper limit changes to — oo . The value of the integral between the limits 
±eo IB, of course, w. Hence fiom t ss (a— 2/)/v to t ssa/v the integral is 
TT ; before and after this it equals zero 
Next consider the other term When f m 0 it is zero. As t approaches 
{s-2/)/v It suddenly approaches then as the upper limit changes 
* ‘ FhiL Trana vol 190, pp. M7-387 (1870X 
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aign and becomes positive, it increases to ir It vnll be shown farther down 
that the upper limit practically reaches +ao long before the lower limit 
changes sign As the lower limit becomes zero and then positive the integral 
decreases again to zero The changes are the same as for the second term, 
only they take place continuously 
The second bracket can be written 


J— ai(»— rf) y 


%+ 

«f— y) 


COB V 
V 


dy. 


but this integral, though very great near the origin, diminishes rapidly to a 
small quantity, is zero at niHnity, and so can be neglected in comparison with 
the other one 

Our final result, therefore, for the disturbance at P, when the teim left 
outside the integral sign is included, is 


/ 


a, 8/* cos C(| (s— vt) 


( 6 ) 


between the times t = (i— 2/)/v and t = s/v Outside those limits there is 
no disturbance 

We had p as ah sin <f>^ as: g—/a. 


hence 
Tins gives 



( 7 ) 


The dispersion is therefore uniform throughout the spectrum Unfortu* 
nately it runs the wrong way , p increases with X. Let us suppose that 
& SB 2 cm. and tliat dp/dx is 600, which is about the value for crown glass 
in the neighbourhood of the D lines Then g s lOOOw If «ei has the value 
for the D lines, 1 066 10^,^ as^/ai s 0 0293,and 2/«i as 628 . 10^ As the 
Bine integral for y = 75 differs only by 1 per cent, from its value for infinity, 
the assumption made above is justified It will be observed that it is not 
necessary to fix the value of p, though from equation (7) it oannot be greater 
than 2 for the wave-length m question. 

The number of complete wave-lengths m the tram is %fl\ s «i//ir s gfv 

-4, Bvtagh’. expression for the resolving power Its numerical value m 
this case is 1000. 

It should be noted that the expression giving p in terms of « is always of 
the same form. For let ^ have the value Then 

p-a6(|-sin^'). 
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which gives, on substituting from (7) for #»/2, 

eA ^sin — sin j 

= //— * (/+® {*>« sin ^}), 

which can be written g—af. The value of g tlius remains the same, but the 
value of / changes with ^ 

We have /' = y + J {sm sin 

which, on proceeding to the limit, gives 

^ s & 008 

But / = gja., hence df ss —(gfei^)d», and oouscquently 

gd» as —Mew^d^ (S) 

§ 6 Let us now verify the analysis of the preceding section by integrating 
the energy in the different parts of the spectrum and comparing the result 
with the eneigy in the initial pulse 
The latter can be represented by 

which, hy the preceding paper, is equal to 

liirCin’f’^os^^cos-’Odo 

fv/V 5 C [r/% 

Now J cos* —cos"’ as -J-j (1 + cos 5 6) (cos 3 + 3 008 0) 

as I [ (008 3^ + 3 cos {OOSS^ + COS 20] +f {cos 6 04*008 

Jv 

= i(-H8) = + 

*nd r(f)=a(|).v^, 


hence the incident energy can be represented by 


3w 

8A* 


(9> 


Before proceeding to find the energy in the speotmm an additionid ftotor 
must be added to (6). It was stated that the amplitude of the mve 
dififraoted m the direction 4 isns proportional to (ednp)/p W« are now 
concerned with absolute values, and most deWnnioe the constant el pro* 
portionality, which for the sake of simplicity was pxevionsly omitted. 

It a harmonic wave is incident normally (m the prism, on emerging it is 
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diffiraoted in a number of different direotione which are grouped ajmmetii- 
oalljr ebout the direction given by p s 0 Tlie energy in the range com* 
pnaed between ^ and ib proportional to {(Binp)/p}*d^. Kow 

P s= hence since we are here confined to one wavelength 

dp =: flti^Gos if>d^ The energy in this range is therefore proportional to 

/ftinp'* dp 
\ ^ / * ethoOH^ 

The energy in the incident wave has been taken implicitly as 1 , hence, 
if we integrate the above expression over all values ofp, divide the result 
into 1 and take the square root, we shall find the desired constant The 
lesult IS 



The more accurate expiession to be used instead of (6) is therefore, on 
omitting the suffixes, 

TT ( 10 ) 

To measure the eueigy m this wave take the mean square of the 
araplitude and multiply by the length of the tram, 2/. The result is 

This as yet represents only the energy m a smgle direction and is of 
course infinitely small. To find the energy m the whole spectinm we 
must multiply by and integrate over all possible values of ^ This 
IS done by evaluating in terms of d» by means of (8) Tlie result is 
then 


which agrees perfectly with (9) 

§ 7. To show how the amplitude vanes at the beginning of the train I 
have drawn up the following table. The first, fourth, and seventh columns 


-6*38 

+ 0 14 

-0*080 1 

■t-o-saa 

+8 80 

-0-014 

-6*66 

•fO 13 

-0*110 1 

*l 80 

+ 6 84 

-0 48 

-6*0B 

+ 0*06 

-0 188 ! 

+ 1 89 

+ 6*34 

-0*44 

-4 89 

-0 10 

-0 187 , 

+ 8*63 

+ 6 49 

-0 88 

-a 96 

-0 88 

Iowa , 0-000 1 +*«» 1 -• 

+ 3 18 

+ 6 64 

+0*076 

-a 18 

-0 38 

+ 8*76 

+ 6 49 

+0*006 

-2 68 

-0 31 

+0 88 1 

+ 4 89 

+ 6*86 

+ 0 167 

-X‘89 

1 +0 03 

+ 0 44 1 

• +6W 

+ 6*91 

+0-186 

-1 36 

+ 0 43 , 

+ 0*48 

+ 6*66 

+6*14 

+ 0*110 

-o*e» 

! +0*96 

1 

+0*014 

+ 6*38 

+6*13 

+ 0*080 
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give the phase in radians measured from»the time ^ s (a — 2/)/« ; it hioreases 
in steps of 7r/5. The dgures with the minus sign denote time before the 
amval of the wave proper. The second, fifth, and ei^th columns give 
the value of the first square bracket in (5), and the third, sixth, and ninth 
columns the value of the second square bracket. 

The table shows that 97 per cent of the growth of the amplitude takes 
place within two wave-lengths and, as menboned above, there are 1000 
wave-lengths in the train It thus starts very suddenly. The infinite 
amplitude in the second column does not seem to influence the total 
energy appreciably as it was neglected in §6 

At the end of the tram the changes are gone through in the reverse 
order, and in addition the sign of the infinite amplitude is changed 

§ 8. It in obvious that the results in § 5 do not depend on the shape 
of the prism or on the fact that the pulse is incident perpendicularly 
Also, although derived for one particular law of dispersion, they hold for 
any law of dispersion. The (ainp)/p term vanes so rapidly with p that 
dpIdK can be taken as constant within the range of integration. Now 
/ was shown to equal (b\/2) dp/dk. Hence the results may be made 
mdependent of our particular law of dispersion by Uie substitution of this 
value for / 

§ 9 Hitherto the incident disturbance has been a pulse Let us now sup- 
pose It to be a limited harmonic wave, that it is represented by 

but that the wave starts suddenly, oontmues for N complete wave-lengths 
and then stops suddenly. To find the effect of the pnsm on this tram it is 
necessary first to reverse the ordinary procedure and, mstead of analysing a 
pulse into waves, analyse the wave mto pulses. Suppose the wave built up 
of a number of reotangulai pulses, edl of the same base length but having 
diiibrent heights. Then each of these pulses is dispersed by the pnsm mto a 
system of wave trains , the wave trams for the different pulses differ among 
themselves in amplitude and phase If we fix our attention on the pomt m 
the spectrum specified by «, m the limit when the pulses are made infinitely 
thin, the superposition of the wave trams gives at this pomt 

|cos/3i>focoe«(a;— {11) 

m gives the time at which the elementaiy pulse reaches the {ffism and 
ewfivto its height. 

Let the resolving power at the wave-length in question be S, and let 
2wR/a, the length of the train into which a pulse is dispersed, be greater 
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dian 2wKffi, the whole length of the moidemt train Then for a length 
2ir(B/« — N//8) all the wave trains overlap completely , on eaofa side of this 
there is a length 2irN//9, in which the overlappmg takes place edielon>wue, 
at one end of which we have only a single tram due to the first or last 
elementary pulse of the original tram and, as we progress through which, the 
trams due to the other elementary pulses are gradually added, until at the 
other end we have all the trains due to the mitial wave. For the middle 
region the integral (11) is to be taken over a range 2ir'S/(fiv) , for the end 
regions, as we move outwards from the middle, the range gradually dmunishes 
from this value to zero 

Let us suppose that /3 ^ a, then 

f coB/8»<oOOs«(ic— *0 /o})d<o= — ^7— — sr-Bin {«(a*— ■irf)+«^o(«+/8)} 

J (*—p)v 

It a = /8 the integral becomes 

— Bin ( t. — 1<) + 2i8rt#} + ^ cos /8 (»— vt) 

When the limits are substituted, it is obvious that it is only the second 
term of the second case that becomes important Within the middle region 
it has a value 

^^CO8/9(j!-»0> 

in the end regions the amplitude diminishes uniformly from wK/(/9v) to zero. 

As was to be expected, therefore, the limited harmonic tram has been 
refracted to one particular point in the spectrum There it produces a tram 
with N+B waves, during the first N of which the an^ihtude steadily 
increases, for the next B— N of which it is constant and for the last 
H of which It decreases. In the tram there are no irregular changes of 
phase. 

Bnt when « the integral does not vanish Consequently the other 
regions of the spectrum are not absolutely dark With a bright Ime spectrum 
there must thus always be associated a fount background due simply to the 
fact that the harmonic trams producing the bright Imes ate limited 
Theoretically it should be possible from a comparison of the mtensities 
of the line and background to obtain a lower limit to the nombw of periods 
in 'tile initial train, 

{ 10. Let us Bumiose that instead of a limited hamomo train equal 
poises fall on the prism, one after the other, and that the tune mterval 
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between the incidence of sacoeBsive p^lsee is always the same and equal to <ii. 
Then the integral (1 1) gives place to a snnunation, namely. 

cos »<) + C08 a (X--V {f— +COB «(t— I f {/ — (N— 1)/o}) 

_ (c)s }«(? — Hin 
~ tan J (»bto) 

The result may be regarded as a wave with a variable ampbtudo The 
amplitude has a maximum equal to N, when = 2n7r, n being any integer 
Now X = (2rvir)f(vto) gives an infinite numbei of points in the spectrum The 
tram of pulses has thus given rise to something like a spectral senes , the 
convergence frequency is, of course, away at tho extreme end of the spectrum 
at wave-length zero. The lines of the senes are quite as sharp as the 
maximum of a diffraction grating with N nilings, the expressions for the 
variation of the intensity being exactly the same in tho two cases 
Modern investigation has shown spectia to be extraordinaiily complicated 
How far is it possible to introduce simphcity by ascnbuig different lines to 
tlie same common tram of pulses, pulses delivered according to laws yet to be 
disco veied, not necessarily at equal time inlet vals as in this case ? 


Ou Protect%on from Lightning and the Range of Proteotvon 
afforded by Lightning Rods* 

By Sir Joseph Laumok, F B S , and J. S. B Larmor, M A 

(Beoeived March 31, — Bead May 7, 1914 ) 

The elasticity* of the tether is perfect, and a perfect vacuum is infinitely 
strong, so that no electric force, however great, can produce dismptnre 
discharge through it The electric weakness of a rarefied gas is now known 
to be connected (J S Townsend, J J Thomson) with the long free paths of 
whatever ions may exist m it ; their length allows time for the ions to attain 
abnormally high velocities, under the aeceleiation produced by tiie foroec e{ 
an electno field, before tliey are deflected by oedUnons, end thus enaUes them 
to produce more lone m geometnoal progression, by shattering impact as titiejr 
come into oolhsion with the molecules of the gas. 

At ordinary densities, with tihsir short free pa^,it requires much stronger 
fields to get up the velocities requisite to induce such an exploeivdy inoreaeiBg 

* Publuhed m brief abatraot in the ‘Beport of (he Brltidi AeeocMtum,' Binami^iaiii, 
Bepkember, 1913. 
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Acoumulatiou of ions la free space, away from disturbing solid walls, each 
gas, in fact, is recognised to have definite eleotno strengths corre^nding 
mainly to the different values of its density 

In the strong fields generated by atmospheric aocumulations of electricity, 
we can thus conceive that, owing to displacements of the charged masses by 
wind and their mutual attractions, the limit of strength is reached at some 
point of most intense force. We can thmk of a small region siurrounding that 
point as breaking down, so that positive ions are drawn away from its mtenor, 
and accumulated towards its boundary following the direction of the line of 
force, the conjugate negative ions accumulating on the boundary in the 
opposite direction These aggregations constitute an electric polarity of this 
labile region, winch disturbs the surrounding field that ‘produced them, 
intensifying it along the Ime of force (three times foi the case of a sphere) 
and reducing it in sideways directions Thus the disruption, which there 
began, will tend to spread along the line of force both forward and backward 
The electric discharge is therefore a rupture of the gas aloitg a Itm, not along 
a surface like ruptun' of a solid body due to disruptive wavra or elastic over* 
strain , and the line of rupture tends to spread in botli directions along the 
line of electric force which passes through that point of maximum force at 
which the discharge onginated It might be asked whether this tendency 
would be modified by the electric force induced kinetically by the discharge , 
but that also is in the same general direction as the other part 

When it IS borne in mind that discharge is due to electnc rupture of the 
gaseous medium, which is propagated in time, the question of the direction in 
which a discharge strikes acquires a meaning The initial rupture is to be 
•expected at a place of maximum force, and it spreads in both directions, 
though with different cliaracteristics, along die line of force. Por example, 
III the case of a lightning rod the discharge would start at the summit of the 
rod, which is the place of most intense strain, and strike away from the rod 
instead of towards it 

The zigzag character of many discharges also becomes more directly 
interpretable Per discharge from one cloud masa to another alters the 
charge in each, and so alters profoundly the fields of force between them and 
other a^aoent masses, thus inciting immeduite new discharges between thoee 
bodies. Something of this kind is perhaps indicated by the diaoontinaons 
crackle of a sharp discbaige. It is hardly necessary to mention that the 
duration of thunder, so far as it u not of the nature of reverberation by 
reflexum, is due to the longer time that the sound takes to amve from the 
more distant parts of the flash, and thus gives a sort of analysis of its progress 

When once an ionised path has been opened op in the gas there will be 
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a strong tendency for subsequent discharges to take place along it Mean- 
time the line of ionised gases, formmg the open path, will be blown into 
a new position by the wind , and this may not inconceivably have somethii^ 
to do with the ongin of the frequently photographed parallel flashes 
Such considerations, as regards the propagation of disruptive disohaige, 
may have also to do with the establishment of the beautiful brush discharges 
which are propagated into the gas, and are of different types for positive and 
negative ions The branching character of a sharp negative spark suggests 
obstacles to the natural direotion of travel along the line of force , the 
positive diRoIiaige, being conditioned by different and perhaps more massive 
ions, will be of more sluggish type The nature of the gas is known to 
affect the exquisite patterns made by discharge along photographic plates 
Considerations like the above suggest that we may estimate the region of 
protection of a lightning rod, by inspection of a diagram of the modification 
of the field of force which is established around the rod, before discharge, 
owing to Its influence We can render the problem definite by supposing 
that a single vertical rod or column connected to a horizontal earth is 
situated in an atmospheric field of vertical electric force of uniform intensity 
A discharge striking into the modified field surrounding the stiuoture will 
tend to follow the lines of force, except so far as its mitial electric momentum 
delays that tendency , and, to an extent to be now determined, it will be 
guided to the upper part of the structure instead of striking downward to 
the earth as it would do in the absence of that conductor 
This special form of the problem of determining a disturbed field of force 
has a ready solution for the case of a semi-elhpsoidal conductor (a, h, r) 
standing on the ground, and a rod (of suitably varying section) may be 
illustrated by the special case in which the semi-axes a and ‘b are small, 
while 0 18 large, In fact, if the undisturbed vertical atmospheric field is F, 
the modified potential 

V- -»+ A* j_ 

will be null over the ground, and also null over the ellipsoid {a, h, e), 
provided 

F f ^ 

X “ Jo 

For our special case of a thin eymmetrioal semi-ellipBOid of height 6 , this 
gives 
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The value uf this integral, however, increases indefinitely towards its 
lower limit aa e falls to zero, when a and h are null Thus as the aemi- 
ellipsoid becomes llimner the value of A dunimshes without hmit that is, 
the modification of the field of force by a veiy thin rod is negligible along 
its sides unless close to it. A thin isolated rod thus draws the disduoge 
hardly at all unless in the region around its summit 

Our special problem is, in fact, the same as if the earth were abolished, 
and we had to examine the influence of the presence of a complete elhp- 
soidal conductor, uncharged, on a uniform field of force, m this case parallel 
to Its longest axis. As the ellipsoid (or solid of other form) becomes very 
thin, the moment of the charge induced on it, depending as it does on 
considerations of volume, becomes negligible, the actual value for any rod 
depending on the form and mode of variation of the cross-section , ef. Green’s 
problem of the magnetisation induced in an iron cylinder* in a umform 
magnetic field, treated m his Essay, and referred to in Maxwell, ‘ Electndty 
and Magnetism,’ vol 2, § 439 

We are to take it, then, aa a general principle, that it is the buildmg to 
which the lightning rod is attached that modifies the electric field, and so 
draws the discharge, by viitue of its conducting materials and on account 
of its breadth being substantial compared with its height * The structure 
protects the region around its base, by directing dischaige to its own upper 
parts, which therefore need protection by conductors adequate to drew ofl 
this discharge to earth , and vertical rods, joining together if need be lower 
down, but rising from the corners of the structure to a height which need not 
be more tlian about half its breadth, will hft up the field of concentrated 
electric force from the region directly above the building to the region above 
their summits, and thus will themselves take the discharge instead of the 
upper part of the structure. It would thus appear to be the top of a 
building that needs protection by rods of some height studded over it, and in 
direct easy connection with earth. For convemeuce and security of com- 
munication the rods may nee from a network spread over the roof, but the 
essential feature appears to be their lifti:^ the field of mtenser force to the 
region in which their free ends are immersed 

This mode of analysiB can be illustrated more widely by the 
annexed of the lines of force belonging to a eemi-ellipsoid of fimte breadth 

* Mr S. G, Brown informs us that initanoM of damage of radiotriegra{due u t e twm s 
by lightning have ooonrrad, and it has been the aubjeet of remark that the dmoharge 
does not come down the antenna On the other hand, oonduotitag stay-wins to 
transfer an antenna from the oharaeter of a pole to that of a cone the mast a ship 
may eome under this ease 
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standing on the ground Por Uie induouoe of a seou-elhpsoidal oonduotiag 
structure on the field is tlie same as the infiuenoe of a huger oonfoeiU 
Humi-ellipsoid on a field less intense by a factor which can be readily 
ostiinated In this way, by ooinbmmg the same ellipsoidal field with 
unifonu exciting fields of various intensitieB, ^^e can realise a wide range 

of COSOS 

The mode in ivhicb a uniform vertical field will be fenced off from 
a structure by an arrangement of projecting rods may be illustrated by 
Plate 11 in Maxwell’s ' Eleotncity and Magnetism,’ vol 1 , which represents 
the protection afforded 1 ^ a senes of patallel plates running inward from the 
left of the page, the lines of equal potential being the vertical cnrvea The 
field of force is promptly annulled, being reduced to half its intensity before 
it penetrates within the points to a quarter of the distance between adjacent 
ones. 

It 18 easy to see that a lightning rod is most effective when it lies along the 
lines of force If it is at right angles to them it is hardly effective at all 
It 18 commonly held that a powder magazine would be best protected if it 
were enclosed in a network of rods The horizontal rods would be of use. 
however, only when the electno discharge is oblique. If we could assume 
that the lines of force in a storm are always vertical, a system of vertical rods 
would serve as well as a network. 

When a duohaige has once become estabhshed, by the opemng up of an 
ionised oonduoting path, a lightning rod can do little to deflect its course 
What It can do, and still better a senes of rods rising over the whole struotuie 
can do, is to provide the easiest and theretoie most probable patii for such 
discharge as may be attracted by the structure. It seems open to questum 
whether merely enoasmg a building in a wire network will always protect 
it from a disruptive disohaige stnking down upon it, unless the network la 
so fine as to approximate to a complete metaUic covering, a spread of con* 
neoted metallic points some height above the building would appear to be 
more effective, and might even by* tliemselves sutBoe to take up end gmde 
away any likely stroke 

The considerations above set out iiave tested on the hypothesis that there 
18 no diBoharigB from the rod into the surroondiog field. But if it is sharply 
pcnnted, the very intense field set up dose to the point estaUidiaB a quiet 
disoharge of ions which, so far as they are not blown away, will fmrm a 
conducting region around the jxnnt, in which die field is relieved The 
infiuenoe of the rod is then to be likened to that of a conducting i^be at 
its summit, connected to earth by a thin wire According, it is of spme 
interest to exhibit the modification which is thus imposed on a umfotm 
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vertical field of force, F, say, by a globe o&radius a with its oeatxe at height c 
and earthed The globe acquires such a charge t as reduces its potential to 
zero thus —Ye+eja must vanish, so that its charge isFsa, the potential of 
the field therefore becomes 

V s -rz+Fca/i-M, 

Vn r*/ 

where n, r% represent distances from the centres of the globe and its image 
If the lines of equal potential which pass underneath the globe are contmued 
down the length of the rod to meet those coming in from the side, the 
droumetanoes of the rod with conducting r^ionat its summit will be roughly 
represented 

The diagram 1 represents a uniform field with vertical hnes ot force and 
horizontal equipotential hnes overhead, as disturbed by a thin conductor of 
the form of a semi-ellipsoid standing on the ground , the left-hand half of 
the field is drawn 

The diagram 2 represents a similar field overhead disturbed by the presence 
of a conducting sphere connected to earth by an mfinitely thm wire 


Some CalouhtioM in lUustraiion of Fourier^ s Theorem. 

By Losd Ratleigh, O M., F It S. 

(Beoeived March 24,— Bead May 7, 1914.) 

According to Fourier’s theorem a curve whose ordinate is arbitrary over 
the whole range of abscissB from te s— oo to x s -foo can be compounded 
of harmonic curves of various wave-lengths. If the onginal curve contam 
a ducontmuity, infinitely small wave-lengths must be included, but if the 
discontinuity be eased off, mfinitely small wave-lengths may not be necessary. 
In order to illustrate thu question I commenced several years ago calcula- 
tions relating to a very simple case. These I have recently resumed, and 
although the results include no novelty of pnnmple diey may be wmrth 
puttmg upon record. 

The case is that where the ordinate is constant (ir) between the limits ±1 
for s and outside those limits vanishea. 

In general 

^ («) M ^ (t>) oos i (v— «). 


( 1 ) 




Some CcdculcUtons in Ittuatration of Founen^s Theorem. S19 


Hero 

p+w pi SlXl it/ 

J dv^{v)ix»lc{v—x) =s 2ircosib!j dvovah) = 2vtsoehB—^ 

= {8mfc(®+l)— BmA;(a:— 1)}, 

and ^ (a:) = |* ~ {sin A (® + l)--am * (is— 1)} (2) 

As iH well known, each of the integrals m (2) is eqnal to ±lir , so that, as 
was required, ^(ar) vanishes outside the limits ±1 and between those limits 
takes the value nr It is proposed to consider what values are assumed by 
4>(js) when in (2) we omit that part of the range of mtegration m whioh k 
exceeds a finite value ki 

The integrals in (2) are at once expressible by what is called -the ane- 
%7Uegral defined by 

Si(d) = £2i^d0 (3) 

Thus ^(®) = Siifci(iB+l)— SiAi(a:— 1), (4) 

and if the sine-mtegral were thoroughly known there would be scarcely 
anything more to do. For moderate values of 6 the mtegral may be calcu- 
lated from an ascending senes which is always convergent For larger 
values this senes becomes useless , we may then fall back upon a descending 
series of the semi-convergent class, vis, 

/ax _ w a /I 1 2.1 2 3 4 1 

SlW- 2 -C 08 tf|^-.^+— gj j 

a/1 123.12345 1 

gg .J.. (6) 

Dr. Glaisher* has given very complete tables extending from ^ s 0 to 
0 s 1, and also from 1 to 5 at intervals of 0 1. Beyond this pomt he gives 
the function for mteger values of 6 tx<m 6 to 15 inclusive, and afterwards 
only at intervals of 5 for 20, 26, 30, 36, etc For my purpose these do not 
euffloe, and I have oalculated from (5) the values lor tiie missing integers 
up to d ss 6(). The results are recorded in the Table on p. 820. In each 
case, except those quoted from Glai^er, tiie last figure is subject to a small 
error 

For the further calculation, involving mwely subtractions, I have sdeoted 
the special oases hi SB 1,2, 10. For ki a 1, we have 

^ (e) a & («+ 1)— (*—1). (6) 

* ‘FhiL Traaa,,’ vot. ISO^ p. S87 (1870), 

2 A 2 
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0. 

8i(«) 

0 

8K«) 

■f 

0. 

«« 

0 

««. 

19 

1^180 

28 

1 60474 

80 

1 66884 

50 

1 56162 

17 

1 60018 

20 

1 68781 1 

40 

1 58600 

51 

1 55600 

18 

1 68662 

80 

1 66676 

41 

1 60404 

62 

1 57857 

19 

1 61868 

81 

1 -64177 

42 

1 58083 

68 

1-68708 

SO 

1 64824 

82 

1*54424 

48 

1 65886 

54 

1 68884 

ai 

1 50480 

88 

1 57028 

44 

1 54806 

66 

1 6707a 

aa 

1^1600 

84 i 

1 60525 

45 

1 55871 

56 

1 66674 

28 

1*60646 

85 

1 50602 

46 

1 57076 

67 

1 66480 

24 

1 56474 

86 

1 67512 

47 

1 50184 

56 

1 68846 

26 

1*58148 

87 

1*54861 

48 

1 58445 

50 

1 68388 

26 

27 

1 54467 

1 58020 

88 

1 54540 

40 

1 56507 

60 

1 68876 


In every ease ^(a;) ia an even function, so that it aafficee to conaider » 
positive, 

= 1 . 


r* 

♦(«) 

as 

♦w 

» 

m 

♦(*). 

0*0 

41 8022 

2 6 

40 6064 

6-0 

-0 0068 

0 5 

1-8178 

8 0 

40 1528 

7*0 

40 1406 

It) 

1 6064 

8 5 

-0*12a 

8*0 

40*2104 

1 5 

1 8864 

4*0 1 

•-0*2087 

0*0 

40*0642 

2t) 

0-9088 

5*0 

-0 8885 

1 

10 0 

<-0 0867 



and we find 

Asj ® 2, 



♦ <»). 





0 0 

48*2108 

0*0 

-fl-OOBO 

8*0 

-0 1840 

0*1 

8 1084 

1 0 

1-7688 

0*5 

+o*mi 

0*2 

8 1417 

1 1 

1*5188 

4*0 

-1-0*8887 

0 8 

8-0688 

1*2 

1*2704 

4*5 

40*1287 

0*4 

8-9401 

1 8 

iH>m 

5*0 

-00802 

0*6 

8-7947 

1*4 

0*8170 

5*5 

-0*1657 

0*6 

8-8886 

1*5 

40*6088 

6*0 

-0*1021 


8-4800 

2*0 

-0*1807 




8-8184 

25 

-0*0040 




( 7 ) 
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Both for jti as 1 and for ibi as 2 all that u requted for the above values of 
^(x) is given in Olaisher’s tables 
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The same set of values of Si up to Si (60) would serve also for the 
calculation of ^(») for a 20 and from a;a0toa;a2at intervals of 0’06. 
It 18 hardly necessary to set this out in detail 

An inspection of the curves plotted from the above tables shows the 
approximation towards discontmuity as h increases. 

That the curve remains undulatory is a consequence of the sadden 
stoppage of the integration at kst ki If we ate content with a partial 
Buppiession only of the shorter wave-lengths, a much simpler solution is 
open to ua We have only to introduce into (1) the factor e~"*, where a is 
positive, and to continue the integration up to e s «o . In place of (2), we 
have 

^(») «= j {sin sin *(*-!)} m tan"*^^—^— tan‘*^2~j. 

( 9 ) 

The disoontinucuB expression corresponds, of ooone, to a sa 0. If a is 
merely small, the discontinuity is eased o£ The following w values of 
^ (a), calculated from (9) for a ee 1, 0'S, 0 06 : — 
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a = 1. 


X 

♦(») 

se 

♦(*) 

X 

♦w 

0 0 

1 671 

2*0 

0 464 

4 0 

0 124 

0 5 

1 440 

2 6 

0 809 

6 0 

0 080 

1 0 

I 107 

3 0 

0 219 

6*0 

0 066 

1 5 

0 727 







a 

= 05 


- 

ae 

♦w 

Of 

♦ (») 

X 

♦(»; 

0-00 

2 214 

1*00 

1 326 

8*00 

0 298 

0 2 S 

2 17 B 

1 26 

0 888 

2 60 

0 180 

0 60 

2 111 

1 50 

0 688 

3*00 

0 ISO 

0 76 

1 760 

1 76 

0 406 

8 60 

0*087 



f? = 0 05 



1 

it 

1 

^(») 

* 

♦ (<r) 

X 

^(x) 

0 00 

S 041 

0 eo 

« 

2 652 

1 20 

0 222 

0 20 

8 037 

0 06 

2 881 

1 40 

0 108 

0 40 

8 028 

1*00 

1 546 

1*60 

0*064 

0 00 

2 086 

1*05 

0*761 

^ 1 80 

0 046 

‘ 0 80 

2 869 

1 10 

0 440 

1 2*00 

0*088 

i ____ 

_ 

— 

_ 

i 

— 


As 18 evident from the form of (9), ^(x) falls oontmuously as x increases, 
whatever may be the value of a 
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On the Theory of Lonjg Waves and Bores. 
4 > By Lord Batleioh, O.M., F RS 


(Beoeived April 21, — ^Bead May 7, 1914 ) 


In the theory of long waves in two dunennoaB, which we may suppose to 
be redaoed to a “ steady " motion, it is assumed that the length is so great in 
proportion to the depth of the water that the velocity m a vertical direction 
can be neglected, and that the horizontal velocity is uniform araoss each 
section of the canal. This, it ^ould be observed, is perfectly distmct from 
any supposition as to the height of tiie wave. If f be the undisturbed 
depth, and h the elevation of the water at any point of the wave, ug, w the 
velocities corresponding to 1, i+A respectively, we have, as the equation of 
continuity. 


u = 


^+A* 


( 1 ) 


By the principles of hydrodynamics, tiie mcrease of pressure due to 
retardation will be 

On the other hand, the loss of pressure (at the surface) due to height will be 
gph, and therefore the total gain of pressure over the undisturbed parts is 



If, now, the ratio hfl be veiy small, the coefficient of h becomes 

. ( 4 ) 

and we conclude that the condition of a free surface is satisfled, provided 
se gl. This deternunes the rate of flow «o* ui order that a stationary 
wave may be possible, and gives, of course, at the same tune the velom^ of 
a wave m still water. 

Unless A* can be neglected, it is impossible to satisfy the condition of a 
free surface for a stationary long wave — ^whioh is the same as saymg Uiat it 
18 impossible for a long wave of finite height to be propagated in still water 
without change of type. 

Although a constant gravity is not adequate to compensate tiie dhanges 
of pressure due to acceleration and retardation m a long wave d finite 
height, it 18 evident that complete compensation is attainable if gravity he 
ma^ a suitable function of height; and it is worth while to enquite what 
the law of force must be in order Uiat long waves of unlimited height may 
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travel with t]rpe unchanged If / be the force at height h, the condition of 
constant surface pressure is 

whence 


!fSl? ^ ^ « 1* 

2 'dhir^~ (l+A)®’ 


( 6 ) 


which shows that the force must vary inversely as the cube of the distance 
from the bottom of the canal Under this law the waves may be of any 
height, and they will be propagated unchanged with the velocity v^(/iO> 
where f\ is the force at the undisturbed level • 

It may be remarked that we are concerned only with the values of / at 
water-levels which actually occur. A change m / below the lowest water- 
level would have no effect upon the motion, and thus no difficulty arises 
from the law of inverse cube making the force mfinite at the bottom of the 
canal 

When a wave is limited in length, we may speak of its velocity relatively 
to the undisturbed water lying beyond it on the two sides, and it is imphed 
that the uniform levels on the two sides are the same. But the theory of 
long waves is not thus limited, and we may apply it to the case where the 
uniform levels on the two sides of the variable region are different, as, for 
example, to lores This is a pioblem which I considered briefly on a former 
occa6ion,f when it appeared that the condition of conservation of energy 
could not be satisfied with a constant gravity But in the calculation of the 
loss of energy a term was omitted, rendering the result erroneous, although 
the general conclusions are not affected The error became apparent in 
applymg the method to the case above considered of a gravity varying as the 
inverse cube of the depth. But, liefore prooeedmg to the calculation of 
energy, it may be well to give the generaliaed form of the relation between 
velocity and height which must be satisfied in a progremve wave,^ whether 
or not the type be permanent 

In a small positive progressive wave, the relation between the particle- 
velooity u at any point (now reckoned relatively to the parts outside the 
wave) and the elevation h is • 

( 7 ) 

If this relation be violated anywhere, a wave will emeige, teavelling in the 


* 'FhiL MagV voL 1, Ik S97 (1676) , 'SoiMitifle P^ers,' voL 1, p 264. 
t ‘Boy. Soo. Proo.,’ A, voL 81, p, 448 (1908) , ‘Soientific Papers,' vol 0, p. 486 
{ Compam ‘Sdeatiflo Papers,’ voL 1, p. 868 (1899) 
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negative direction In applying (7) to a vrkve of finite height, the appropriate 
form of (7) is 

where /is a known function of I +A, or on integration 

To this particle-velocity is to be added the wave-velocity 

v/{(^+^)/}. (10) 


making altogether for the velocity of, e.g , the crest of a wave relative to still 
water 




(11) 

Thus if / be constant, say g, (9) gives de Morgan's formula 


and from (11) 

tt = 2v/«/{(f+A)l-il}, 

(12) 

^y/9y/(J+K)-2^(gt) 

(13) 

If, again. 

It 

% 

(14) 

(11) gives as the velocity of a crest 




(16) 


which 18 independent of A, thus confirming what was found before for this 
law of force. 


As regards the question of a bore, we consider it as the transition from a 
uniform velocity u and depth f to a uniform velomt^ «' and depth V, V being 
greater than I The first relation between these four quantities is that given 
by continuity, viz,, 

lu = I'u' (16) 

The second relation arises from a consideration of momentum It may be 
convenient to take first the usual case of a constant gravity g The mean 
pressures at the two sections ore \gl, \gV, and thus the equation of 
momentum is 

H{u-v!)^\g{V*^V). (17) 

By these equations u and u' are determined m terms of I, I' 

«» =» y(i+n.v/i, «'» - y{i+o i/i' (is) 

We have now to consider the qumtion of energy The difference of wmrk 
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done by the pressuTeB at the two ends (reckoned per unit of tune and per 
unit of breadth) is lu {\gl — \gV) And the difference between the hmtm 
energies entering and leaving the region is -Jat'*), the density being 

taken as unity But this is not all The potential energies of the liquid 
leaving and entering the region are different The centre of gravity rises 
through a height /), and the gam of potential energy is therefore 

lu {V^l) The whole loss of energy is accordingly 

- i. {ji-»r+i»(j+o(f +y)} 

m 

This 18 much smaller than the value formerly given, but it remains of the 
same sign. " That there should be a loss of energy constitutes no difficulty, 
at least in the presence of viscosity, but the impossibility of a gam of 
energy shows that the motions here contemplated cannot be reversed ’* 

We now suppose that the constant gravity is replaced by a force/, which 
is a function of y, the distance from the bottom The pressures p^ p* at the 
two sections are also functions of y, such tliat 

V « jW V' * ^fdy (20) 

The equation of momentum replacing (17) is now 

** f»/dy * fy/dy, ( 21 ) 

Jo Jo J( 

the integrated terms vanislimg at the limits This includes, of course, all 
speoial oases, such as / » constant, or /« 

As regards the reckoning of energy, the first two terms on the left of (19) 
ate replaced by 

The third and fourth terms representing kinetic energy remain as before 
For the potential energy we have to cousi^r that a length « and depth J 
IS converted into a length u' and depth T. If we reckon foom the bottom, 
the potential energy is in the first ease 


^/dy - [fdy^ \fdy m 
Jo Jo 


in which 
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po denoting the preaaure at the bottom; bo that the potential enetgy u 



The difference of potential energies, corresponding to the fifth and sixth 
terms of (19), is thus 

fw (23) 

The integrals in (23) compensate those of (22), and we have finally as the 
loss of energy 

/«{po~po' + i«*— Jn'*} = lu (24) 

It should be remarked that it is only for values of y between I and 1' that 
/is effectively involved 

In the special case where / = /iy~^ equations (16), (21) give 

u^P s ^ «'V* = A*. (26) 

the introduction of which into (24) shows that, in this case, the loss of 
energy vanishes , all the conditions can be satisfied, even though there be 
no dissipation The reversed motion is then equally admissible 

IkpenmentaL 

The formation of bores is illustrated by a very ordinaiy observation, 
probably not often thought of in this connection. Something of the kind 
may usually be seen whenever a stream of water from a tap strikes a 
honzontal surface The experiment is best made by directing a vertically 
falUng stream into a flat and shallow dish from which the water over- 
flows.* The effective depth may be vaned by holding a glass jdste in a 
honzontal position under the water surface. Where the jet strikes, it 
expands into a thin sheet which diverges for a certain distance, and this 
distance diminishes as the natural depth of the water over the plate is 
made greater. The circular boundary where the transition from a small 
to a greater depth takes place oonstitutes a bore on a small scale. The 
flow may be made two-dimensional by limiting it with two battens held 
in contact with the glass. I have not attempted measures. Oa. the 
smallest scale surface-tension doubtless plays a considerable part, but this 
may be minimised by increasing the stream, and correspondingly the depth 
of the water over the plate, so far as may be convenimit 

* The Up that 1 employed gives a jet whose diameter is • mm. ▲ mnoh huger tap 
may need to be fitted with a special noBBle.--lday 14 
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The Flow %n Metals under Large Constant Stresses. 

By E. N DA C. Akdrask, B.Sc., Ph late 1851 Exhibition Scholar of 
University Coll^, London. 

(Communicated by Prof A. W Porter, F B S Beceived February 6,— 

Bead May 7, 1914 ) 

§1- The object of this research was to examine the general laws of flow in 
metalhe wires when extended in the region of large permanent set by stresses 
kept constant throughout the flow Previously* 1 have investigated in 
detail the flow for one metal, lead, and put forward some empirical laws , 
it was desired to see if these laws could be extended to other metals, 
and especially to investigate the effect of temperature on the nature of the 
flow. For lead, rise of temperature causes a very rapid moreaae in the rate 
of the viBcousf part of the flow (foe ett), hence it seemed hkdy that at 
very low temperatures the viscous part of the flow would cease altogether, 
although large permanent extensions might be obtainable, and thus lead 
might behave in this respect as iron behaves at atmosphenc temperatures. 
Similarly iron at a high temperature might behave like lead at atmosphenc 
temperatures. It was also desired to see if very pure metals behaved in the 
same way as commercial metals, for it has been supposed that the non- 
viscous character of the imtial part of the extension-tune curve is due to 
impunties Further, the properties of the viscous flow itself were to be 
investigated m greater detail 

Investigations on these points are desenbed in this paper , a summary of 
the results will be found in § 10 Incidentally, m the case of alloys, a type 
of flow not hitherto observed has been found. 

§ 2. To test the flow under constant stress the device of the hyperbolic 
weight was again employed. By the use of such a weight, smking as tiie 
wire stretches into a liquid of suitable den8i^,the effiac^e load is diminished 
in such a way that the stress over the cross-section remams constant as the 
wire thfnii (see foe. ed ). For expenments at lower temperature the wires 
ware pulled upwards, A vertical open glass tube, the upper end of which is 
attached to a table, carries a bar at its lower end, to whidi the lower hook 
of the wire-holders is fastened, the upper end is pulled upwards by fine 
steel wires whioh pass over pulleys and carry the hyperbohe weight Bound 

* S. N. da a Asdrada, 'Boy. Soe. Pno.,' A, voL 84, p 1 (ino> 

t By viMous flow I rsfsr tbnwghoot to that part of tho flow for whiA ttio rate of 

extewloa, par unit laagth flowfaig, lamahu ooustaiit, or Jl-oonatant, as would be 
tbs ease for a vary viaooua liquid. 
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this tube can be put any beating or Qooling bath For use with a snlphur 
bath the glass tube was replaced by a closed iron tube The liquid emplc^^ 
for the hyperbolic weight, in the case of large loads, was meromy For the 
higher temperatures an electnc furnace was used, and the wire arranged 
horizontally It was enclosed in a tube of combustion glass which projected 
some distance from the furnace at eadi end, tho joints, where the wire- 
holders passed out of the tube, were made close with thin rubber, so that m 
cases where the specimen was to be kept dean for mioroscopio observation 
a stream of hydrogen could be mamtamed through the tube during the 
experiment The temperature was measured with a thermocouple. 

§ 3. The metals investigated were — Lead, as beu^ a metd which shows 
well at room temperature all the features of the flow in metals, viz, the 
immediate stretch, the /9-flow, and the viscous flow , tm, as the second com- 
ponent in the alloy investigated ; iron and copper, as showing very little, viscous 
flow at room temperature , mercury, because it can be easily obtamed very 
pure , and a lead-tin alloy and a brass to r^resent alloys, whioh were found 
to behave anomalously , a few experiments were also done on German silver, 
as a three-metal alloy 

All the metals, except mercury, were bought in the form of wires For 
mercury two hollow glass hooka were connected to a thin glass tube with 
rubber, and the whole poured full of mercury and then immersed m a bath 
of sohd carbon dioxide and alcohol When the mercury was frozen sobd the 
whole was removed from the bath, and the glan tube, previously scored 
with a diamond, quickly broken off, the mercury wire so obtamed with a 
hook at each end was replaced in the bath, and subsequently stretched just 
hke any other wira 

Senes of observations were made at different temperatures with all the 
metals mentioned to obtam the law connecting extension with tune, expen- 
ments at different stresses being pwformed at esoh given temperature 
Constancy of stress in any one experiment was secured by means of a 
suitable hyperbolic weight 

The iron and copper wires were carefully annealed, and after this treat- 
ment gave consistent results Lead anneals itself at room temperatures^ 
that IS, lead wires which have been left unstrained for a oonaderable time 
always give consistent results. Si^nments cm a piece of the lead wire 
used in 1909 gave results agreeing with those abeady published. 

§ 4. It was found that without exception all the aingda metals— not alloys 
— gave at the various temperatures investigated ourves of extensioin against 
time whioh could be closely r^iesented by the formola 

I m f,(l+/«»)S^, 
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given in the former paper, by assigning suitable valnes to the constants 
Deviations of the oalculated from the observed valnes in no oase exceed, at 
any point of the range, 2 per cent of the whole extension, and m most cases 
such deviations are less than 1 per cent, of the total extension, which, con-< 
sidenng possible small variations from constancy of stress, is well within 
expenmental error* The final extensions obtamed ranged np to about 
20 per cent of the original length for most metals and temperatures, but 
were occasionally larger, tin at room temperature being extended by 40 per 
cent, for instance 

The constants k are not purely artificial, but to each corresponds a 
physical process, and it would be impossible to get a curve to represent all 
the cases with less than three constants k represents the immediate length 
on loading.f /8 is the coefficient which gives a measure of that part of the 
flow whose rate decreases as the time mcreases, and k measures the final 
flow which proceeds nscously The exponential form of the viscous term 

follows from the condition j ^ = constant 

At low temperatures i is zero for all metals investigated even witii the 
greatest stresses which could be apphed without breakmg the wire fi is 
very small at low temperatures for all stresses, probably zero if the 
temperature is taken low enough k, however, can in general for larger 
stresses be obtained as great as at higher temperatures (without breaking the 
wire), thus lead wires loaded at ~180” C acquired considerable permanent 
set— up to 15 per cent, of the origiDal length— and copper wires loaded 
at —78° C were extended by similar amounts, but in such cases nearly 
the whole set takes place as soon as the load is applied. The very 
small subsequent flow does not become viscous wiUi mcreasmg time, 
but soon ceases to be perceptible. The form of curve for very low 
temperature is probably composed of a straight line of length lo along the 
axis of f, representing the immediate extension, and a straight line parallel to 
the time axis at a distance k This is closely approached ly lead at —180* 0. 
and iron at 15* 0. for all stresses. 

As the temperature is taken higher Uie ff-Aon becomes more oonsideralde, 
but there is still no viscous flow (<jf. lead at —78* 0., fig. 1). At a higher 
temperature we get the normal curve showing immediate extension, ;9-flow, 

* DerlaUoiis m large as S per oent. cmly ooour m the earlier part of the eerve, 
t,a the first two minntee or so, where expenmental emm are nsoeennly larger, owing 
to Mosll unavoidable dUhvoMne in the way in whkh the load b appUed. 

f Throughout the wires will be oonaidered as of unit length before apfdioatien of 
stress, thus 1^-1 reprosaats the iaunedbte extension. 
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and final fiow of the viscous type. Coniidenng the curves for different 
stresses at such a constant temperature, for increasing stress the constant 
first increases slowly, then rapidly, and finally tends to a constant limiting 
value Tc increases slowly at first, and then much more rapidly, as shown in 
the diagram representing the values of the constants for different stresses 
at constant temperature for lead (fig 4). At a hi^er constant temperature 
the viscous flow becomes the preponderating factor ; /9 again for iniaeasing 
stress mcreases to a constant limit, which has the same value as for the 
lower temperature, k increases without limit Thus with increasing 
temperature and stress reaches a limit, while h increases finally very 
rapidly with both temperature and stress. The time-extension curves for 
lead, which are typical for all the single metahi investigated, are given for the 
various temperatures in figs 1, 2, and 3,* the variations of the constants 
of the formula with stress for the different temperatures are given m fig 4 
The constants for copper at 410^ C show the same features, approaching a 
constant value, k increasing without limit 

The extension-time curves for mercury at —78*^ C ate mtermediate mtype 
between those for lead at 160° C and XT'* C The variation with stress could 
not be obtained, as, owing to the difficulty of annealing the mercury wire, we 
did not always get the same extensions on repeating with a fresh wire at the 
same stress , the type of curve, however, remained the same, and could always 
be represented by the formula. The merouiy, being carefully distilled 
metal, is very pure, and these experiments show that the non-viscous form 
of the initial part of the curve is not m any way due to impuntieB m the 
metals 

The curves for iron at 444° C resemble those for lead at 16° C , there is 
no difference of type Thus the behaviour of iron is not anomalous, as 
suggested by P. Phillips f from observations on small extensions at room 
temperature , it merely shows the low temperature type of fiow, represented 
by lead at —180° C , at ordinary temperature. 

The mam result of this part of the work is to show that typical metals of 
widely different nature obey the same general laws of fiow, the apparent 
difference of type disappeanng when a wide range of temperature is considwed. 
The higher the temperature for a given metal the more the viscous type of 
fiow predoxmnates. Small impurities do not afbot the generri type of Idle 
extension curves , pure mercury at —78° C has much the same curves as soft 
commercial iron at 444° 0. 

* Only the uitisl pordoas of the onrvM are diowm the tiiae of obeervatioB m maay 
easM extended over hours. 

t ‘ PhU. Hag ,* Apnl, 1800 , p. 610 . 
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Fig 1 — Lead at - 180*^ and at - 78*' C (The dotted curvcB lefer to - 180', the 
continuouM cm vee to — 78" C ) 



Fig 2— Lead at 17" C 
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The values of the constants for the different metals at the various tem- 
peratures and stresses are given in Talile I on p 336 

§ 5 When a lead-tin alloy (fuse wire, 21 5 per cent lead, 78 5 per cent 
tin) was investigated at room temperature it seemed to give curves which 
could be fitted by the law i = /o(l+i9^^)«**i the immediate extension /o— 1, 
and /9 being very small indeed, that is, the flow was of the viscous type 
almost from the start * At —180^ C the alloy gave a curve resembhng that 
for lead at this temperature, the extension nearly all taking place in the first 
moment , the extension could not, however, be obtained as great as for, lead, 
the wire breaking first But at an intermediate temperature, —78^ G, the 
extension-time curves presented features not hitherto observed , there was 
very little immediate extension, the stretch started slowly, then became more 
rapid, and finally decreased ogam, the rate approaching a constant value, t e , 
the flow finally becoming viscous The form of the curve is shown in the 
senes of curves for fuse wire at different stresses at a temperature of — 78^C 
in fig 5 The experiments on wires of pure tin at —78^ C showed that for 



this metal the flow is of the type represented by the formula if -- 1 and k 
are small , thus neither component of the alloy presents peculianties at this 
* temperature to account for the form of the curves The alloy shows a 
* 6m ‘ Roy. Soc, Proc./ A, vol. 84, p 5 (1810). 
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Tabij: I 


Temperature 

Stress. 

It,* 

/» 

k 

Load Area of cross section (at 20^* C ), 2 16 sq 

mm 


bilos /su om 




-180' 0 

888 

1 050 

0-0012 

0 


620 

1-001 

0 0022 

0 


548 

1*118 

0*0025 

0 

-78® 0 

250 

1*017 

0*0026 

0 


841 

1*066 

0 0060 

0 

e 

aM> 

1 061 

0 0065 

0 


887 

1 102 

0 0115 

0 


401 

1 118 

0 0142 

0 

ir 0 

181 

1-014 

0 021 

0-000116 


827 

1*087 

0 040 

0 000890 


236 

1 052 

0 046 

0*00190 


248 

1 070 

0 045 

0 00860 

iwyo 

82 8 


0*0020 

0 UOOlO 


46 7 


0 0045 

0 00096 


64 7 


0 0210 

0 0082 


60 8 


0 024 

0 0048 


78 0 


0 041 

0 0060 


78 6 


0 041 

0 0088 


83 2 


0 048 

0 0106 


92 4 


0-043 

0*0216 

Copper Area of cross-section (at 20” C ), 0 155 sq 

turn 

-78® C 

2548 

1 148 

0 002 

0 

16' 0 

1696 

i-oa? 

0 0018 

0 


1866 

i-mo 

0 0014 

0 


2287 

1 1166 

0 0021 

0 

41(f 0 

217 


0 

0 


622 


0 0086 

0 00018 


788 


0 0080 

0 00090 


967 


0*0090 

0 00240 


1044 


0-0080 

0*00460 


1181 


0 0085 

0 00680 


Tin Area of cross-section (at 20” C ), 0 915 sq mm 

WC 

110 

1*000 

0 0066 

0 0021 


191 

1*000 

0 0780 

0*0048 

-78' C 

821 

1*000 

0 0140 

0 


886 

1 0027 

0 0226 

0^00082 

Iron Area of crou-section (at 20* C.)» 0 204 sq mm 

444' C 

966 

1 0015 

0 0005 

1 


1195 

1 0080 

0*0018 



1436 

1*0080 

oam 

> 0 tXSAlO 


1660 

1*0080 

0-0070 

J 


1020 

1*0116 

0*0128 

0-00008 


2160 

1 0170 

0-0170 

0-00008 


2400 

1 0180 

0*0210 

0 00008 


* The Tslnea of haTe not been detvrnnned acouratelj, M tbu would need epeeial preoautiont 
Thejr are giTen, bowoTor^ as some indication of tbe amount of immediate eatmeion 
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Boflening soon after application of stress, instead of the usual hardening , 
such a softening of a zuctal lias not, as far as I am aware, been previously 
observed. 

Curves of this form were sought with brass, as anothei two-metal alloy, 
and were obtained at temperatures of 350*^ C. and 400^^ C At higher 
temperatures the flow was of the viscous type, almost from the start obeying 
the law I = as with fuse wire at room temperature For both these alloys 
the curves at low temperature weie of the type of lead at — 180“ 0 , only at 
low temperature under large stresses is there marked immediate stretch. 

A few experiments were carried out with Gennan silver as a three-metal 
alloy At 565“ C, and 455“ C the curves were of the purely viscous type, 
showmg neither immediate extension nor /3-ilow , at 355“ G they were of the 
type of lead at —78“ C. No new features were discovered 

§ 6. It has been shown that for metals the flow tends to become in every 
case finally viscous (if it docs not become zero, which may be considered as a 
special case with a zero coelhcient V) The question arises as to what 
change is produced m the metal which sots it in a condition to flow viscously, 
and how the change can be effected Lead was used for a senes of expeii- 
ments It was found that by extending tlie wire rapidly under a large stress 
for a short time it can bo ]iut in a condition to flow viscously from the start 
when subject to a smaller stress The more rapid the prehminary extension, 
assumed to be of the same amount in all oases, the smaller the rate of the 
viscous flow under the subsequent smaller stress , this rate, however, reaches 
a lower limit, after which increased rapidity of preliinmary extension produces 
no further hardening, as tested by the smaller stress 

It might be supposed that the vanation of k with stress at constant 
temperature does not express n physically simple relation because the wire, 
when the purely viscous flow seta in, is not in the same state for the 
smaller stresses as for the larger ones, it having been subjected to lees 
preliminary strain in the former cases Experiments were therefore corned 
out to ascertain the relation between the viscous rate and the stress when 
the wires were all subjected to the same treatment to bnng them into a state 
such that, on being loaded, the flow was of the vucous type A senes of 
wires were all extended the same amount (about 18 per cent ) by the same 
stress , these wires were then subjected to varions smaller stresses, under 
which they began to flow viscously almost from the start The rate of viscous 
flow for the various stresses was plotted against the stress. The curve 
obtained was not very diflbrent from that of k against stress, in which case 
each stress is left to bnng the wire to the viscous state of itself. 

The curve is for from being linear But it is not necessary to assume that 



338 


Dr. £ N da C. Andiade. 


the law of flow iii the individual crystals of the metal is other than linear 
with the stress when the crystals have once been brought to flow Tiscously. 
An explanation of the form of the curve based on the assumption that the 
stress required to cause viscous flow of any amgle crystal depends upon its 
size will be given in § 9 

§ 7 It has also been found that severe preliminary twisting will put the 
wire in a state to give the flow viscous almost from the start With increasing 
amount of preliminary twist the rate of flow first of all decreases, but reaches 
a minimum and then increases slowly, probably owing to tears in the metal 
A twist of a given number of turns is more effective in hardening the metal 
if it is apphed half in the one direction and then half m the other, than if it 
be applied all in the one direction These experiments were earned out on 
lead, the twists causing permanent set All this tends to show that any form 
of severe preliminary strain will condition the flow of the viscous type, and 
that with mcreasing severity of treatment the rate of this subsequent flow 
decreases to a constant final value 

§ 8. A senes of inicrophotographs were taken of specimens of lead prepared 
by squeezing scraped lead wires between hot plate glass The stnps were 
extended by equal auiouuts, about 12 per cent , some at — 180° C , some at 
16° C , Olid some at 160° C , to see if difference in the structure could be 
discovered. Others were taken of stnps of soft armature iron extended at 
16° C and at temperatures from 400° C. to 600° C , these were polished 
before the extension, which took place m an atmosphere of hydn^en The 
stnioture was in all cases sufliciently revealed by the straining without 
etching 

The mam object was to see if slip bands were formed equally at the 
difibrant temperatures, and, in general, if the different types of flow wero 
attended by differont tjrpes of subsequent structure The photographs of iron 
showed slip bands formed with equal distinctness and frequeni^ at both the 
higher and the lower temperaturea Although m the one case the extension, 
equal in all oases, occupied some minutes, and m the other was produced all 
at once, it was not possible to distinguish between the photograpba With 
lend the specimens extended at 160° C showed a somewhat coarser 
crystalline structure than those for lower temperatures In this case, as 
the flow was to last some minutes, only small stresses were applied , a 
finer structure would perhaps be produced if the largest stresses possilfle 
were used It was observed that at room temperature more rapid extension 
seemed to give a finer structure than one of equal magnitude less rapidly 
effected 

Owing to differences between individual specimens, and parts of the same 
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specimen, stnall di£ferenoes of structure may pass undetected, there is, 
however, no considerable difference to be observed in the formation of 
slip bands at the different temperatures This accords with the theoretical 
considerations of the next paragraph The formation of slip bands does 
not necessanly condition a viscous flow , it is meiely a necessary preliminary, 
which may or uiaj not be followed by such a flow, according to the 
temperature 

§ 9 The work of Quincke * Beilby,t, Ewing and Eosenhain,| and Faust 
and Tamniann§ has thrown much light on the structure and the process of 
plastic yield of metals, and their results are connected with many of the 
effects described iii this paper Even in the purest metals there are well- 
defined ciy^stals separated from one another by thin walls (Quincke’s 
** Sehaumwande ”) of non-crystalline material These walls consist, in the case 
of pure metals, of an amorphous allotropic modification of the puie 
substance; in other cases they contain m addition such small impurities 
as may be present Beilby has shown that mechanical working of the surface 
01 internal disjdacementB, such os the relative slipping of the lamellse of 
which a crystal is composed, produce fresh layers of the amorphous material, 
which IS much haider than the crystalline form 
We can on this explain the fprrn of the extension-time curve, and the 
physical moaning of the constants /o, /3 , 1 
When the wire is loaded there is an immediate stretching duo to a large 
number of slips between tlio crystals and the lamellte of crystals best 
disposed foi slipping, with a consequent fonnation of layers of hard 
amorphous material According to observations of Ewing and Bosenham 
(loc at ) and Faust and Tammann (loe cii ), which liavc been confirmed by 
the author foi lead, the fiiat slip bands appear normal to the direction of 
pull, and accoidiugly it appeals that lamellae which liavc this direction shp 
easiest Owmg to the formation of the hard layers between such lamellie 
a redistribution of internal stress in the wire ensues, and other crystals not 
so favourably disposed for slip are now subject to forces large enough to 
cause slip and consequent hardening Such a process continues as long as 
new crystals ore being subjected to forces sufficient to cause the lamellar 
breakdown This slipping, after the first immediate extension, constitutes 
the i8-flow, and if the amorphous phase, when formed, can at the given 

^ For a summary of Quincke’s work see G Quincke, *^Die Schaumstruktur der 
Metalle,” ^ Internal Zeitseb. f Metallographie,* 111, 1, p S3 (1312) 
t * Hoy Soc. Proc / A, vol 72, p. 218 and p 226 , vol 74, p 462 , vol 79, p 463 , 
vol 62, p 599 

X ‘Phil Troni,’ A, voL 193, p, 353, 
g Zeitach f Fhyaik. Chemie,’ vol 75, p 108 (1911) 
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temperature support the applied stresH without yielding, with the slipping of 
the last laiaelliB the flow cornea to an end The Anal number of layers 
formed increases with increase of applied eTtemal stress, as all the internal 
stresses are proportionally increased and consequently exceed the minimum 
value required to produce slip for ciystals not included for smaller stresses 
It appears from the experiments described that there is a limit, however, to 
the amount of breaking up into lamellae which can take place in a crystal 
after the immediate extension has occuned, the number of elementary 
crystals which can be subsequently produced by stress does not increase 
indefinitely The number produced by a given constant stress incieases to 
a limit with the time, and with increasing stress these limits increase to 
another limit, cot responding to the formation of all possible elementary 
crystals * This is represented by the limit to whicli ^ tends with increasing 
stress If the amorphous phase, although harder than the original crystals, 
can yet flow under the applied stresses it proceeds to do so wherevei it has 
been formed linearly with the time, and gives the viscous or k flow At 
low temperatures the amorphous material is too haid to flow The diflerent 
forms of curves are caused by the amorphous phase becoming softer relatively 
to the crystalhne as the temperature rises f There is obviously no limit to 
the rate of viscous flow The theory will also account for the results on the 
effect of preliminary twisting and stretching (see §§ 6 and 7) m bringing the 
metal into a state to flow viscously For such preliminary working results 
in the formation of the ainorphouB phase duo to the breaking up of the 
crystals, so that the /9-flow process has been alieady carried out, with 
increased working we should expect to reach a limit of hardening, when 
aU possible amorphous layers have bceit formed Tins is what has been 
found 

The non-linoar character of the curve connecting viscous rate and stress, 
when the wire has in each case been initially brought to the same state 
(§ 6), can be explained by the differonces of size which exist among the 
crystals in one piece of metal While the forces due to the external load 
acting on different crystals must be assumed to be proportional to their 
cross-sections, the forces of frictional resistance are independent of these 
cross-sections If each crystal requires the same minimum force to act on 
It before it can begin to flow viscously, and the rate is then proportional to 

* Crystala which cannot be further broken up by stren If vibcoub flow cannot take 
place at the given temperature, further increase of sti*aifi leads to tears in the metal and 
subsequent rupture. 

t The effect of increase of stress is similar to that of increase of temperature, m that 
it increases the importance of the viscous flow relative to the flow ; see curves. 
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the excess force, then flow will take place among the larger crystals of the 
wire for smaller stresses (applied to the wire as a whole) than are necessary 
to cause flow in the smaller ones Increasing the stress causes a proper* 
tionate increase in the rate of flow of crystals already flowing, and m 
addition sets up the flow in fresh crystals When practically all the crystals 
are flowing we should expect a linear increase of late of flow with stress, to 
which the expenmental curve actually approaches 

In the case of alloys, to a difference in type of structure, as revealed by 
micropliotogiajilis, corresponds the difference in type of flow which has been 
demonstrated Duplex alloys, such as the lead-tin alloy employed, have 
a ribbed siruoturc, bands of light component (tm) and dark component 
(eutectic) running in and out of one another and iiitei locking • The 
structure is thus somewhat analogous to a ferro-concrete block coutainmg 
a large number of connected iron l>ars On the application of large stresses 
the nbs of the harder component (outectic), corresponding to the non, must 
be broken before any flow can take place, this breaking is followed by 
a moie rapid flow whicli corresponds to the softening of the metal which 
takes place in the initial sUges of tho flow at suitable tenqieiaturoR (lead* 
tin, 78® C , brass, 400® 0 ) There is no evidence to bo seen m Ewing and 
Kosenhain's photogiapha for the formation of largo slip bands sucli as those 
in the single metals Hence at high temperatures, when both compfuients 
are soft, tho flow takes place viscously from the start, there being very 
slight, if any, foimatiou of the coaise bands which give rise to immediate 
yield and )8-flow for tho single metals 

It 18 not claimed for the formula I = + that it is moie than an 

empirical formula representing the flow in single metals very closely in all 
cases should probably be replaced by a function of t which approximates 
closely to until i becomes very large, but approaches a constant limit as t 
approaches oo Until we know moie concerning the mechanism of the slip 
we cannot profitably attempt to calculate a theoretical form for the curve , it 
may, however, be suggested that the method of approaching the problem will 
have to differ from those previously attempted in being a statistical one, 
taking account of the different sizes and dispositions of the ciy stale. 

We have thus brought evidence to show that the laws of flow in single 
metals and alloys are intimately connected with tbcir structure ; m all oases 
tlieie are two components of quite different physical properties to be 
considered, and their variation in relative quantity and relative softness with 
the temperature accounts for the vanous experimental results obtained. 
Metals are not homogeneous, but they are essentially distingmshed m respect 
* C/ Ewiag and Bosechain, foe. ett , figs 47 and 48 
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of their flow fiom homogeneous substances not by their abihty or inability 
to flow, wljich is simply a question of teipperaturo, but by the laws which 
govern this flow as regards both time and stresa 

§10. Smnmary of RemiUs 

(1) If wires of single metals be extended by large stresses, precantionB 
being taken to keep the stress constant as the wire thms, the length at any 
tune t can be expressed by tlie ompinoal formula 

(2) Wires of pure distilled mercury in the sohd state obey the same law, 
showing that this behaviour is not due to impurities in the metala 

(3) The various forms of extension-time curves which are observed for 
diffeient metals at room temperature can all be obtained with one metal (lead) 
by suitably choosing the temperature, the constants of the formula varying 
with the temperature 

(4) At a given temperature with increasing stress the constant tends to 
a constant value , the constant ^ increases at a rate which itself increases to 
a constant value 

(5) From experiments on lead it appears that the limit to which P tends 
with stress does not increase with the temperature The limit cannot, 
however, be attained at low temperatures, owing to the wire breaking first 

(fl) Laige preliminary strain, whether of extension or rotation, puts the 
wire in a state to flow viscously 

(7) Duplex alloys, which possess a microstruoturo quite different from that 
of single metals, give a correspondingly different form of extension-tune 
curve , the wire softens at a certain stage of the flow, instead of continually 
hardening up to a limit, as do the single metals 

(8) Ou the basis of the co-existence of two different phases, the crystalline 
ond the amorphous, tlie results have received a qualitative explanation 

It gives me much pleasure to offer my thanks to Prof A. W. Porter, F B.S , 
m whose charge the University College laboratory was dunng the tune 
that I was engaged in this work, for many kindnessea 1 have also to thank 
Prof Cormack foi allowing me to use the nucrophotographic outfit m his 
department, and Mr E H Bate for assistance m taking microphotographs 
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On the Properties of MagneticcUly Shielded Iron as Affected by 

Temperature. 

By EitNBST Wilson 

(CommuniLated by Dr J A Fleming, F.RS. Received March 20, — Bead 

May 7, 1914 ) 

In a paper recently read before the Society,* it was shown that if a 
specimen of stalloy in ring form is placed within an iron shield and then 
subjected to a magnetic force of about 2 GGS, units, its permeabihty is 
increased Moreover, careful demagnetisation was found to increase the 
permeability at the low forces at the expense of pormeabihty at the lughei 
forces Further experiments have been made with the same material in 
nng form at high temperatures It was thought that if the stalloy, when 
its temperature passes through the value at which the magnetic quality is 
regained on cooling, was simultaneously subjected to a magnetising force and 
shielded from the influence of the earth’s magnetism, the permeability might 
be increased further This has been found to be the case 
{Note added May 7, 1914. — My attention has been called to a paper by 
Messis H Pender and R L Jdnes on “The Anneahng of Steel m an 
Alternating Magnetic Field ” Tlieso authors have obtamed high values of the 
permeability (see the ‘ Physical Review,’ 2nd Senes, Apiil, 191 3, vol 1, No 4) ] 
In an earlier paperf experiments were described in connection with two 
small stalloy nngs which have been used m the present expennieuts 
In Table I the present exiiernnents aro numbered in the order in which 
they were made, and the curves are numbered in coirespondence with them 

Btng No 1 

The specimen, which had been heated several tunes above the temperature 
at which magnetic quality is lost, was wound with an asbestos-covered wire 
and placed in a small iron box, the whole being heated in a gas furnace to 
the neighbourhood of 800° C About two hours were required to heat the 
specimen It was allowed to cool inside the magnetic slueld previously used 
and described (foe eU ), and at the same time it was subjected to a steady 
magnetising force of 312 GGS units. About five hours were required to 
cool It to atmosphenc temperature. When at atmospheno temperature the 
specimen was taken out and tested for magnetic permeabihty The figures 
were obtained whilst gradually reducing the force and are given lU Table I, 

* ' Bey. Soo Rroe.,’ A, vol 90, p^ 179 (1914) 

+ ' Phya Soo. Proc ,* vol S3, Put 4, p 863, Juno 16, 1911 
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Experiment 1, and plotted in Curve 1 In all the other experiments die force 
has been increased gradually. It will'^be seen that the permeabihty rises 



to about 10,000 The nng was then stripped and re-wound with cotton- 
covered primary and secondary windings, the secondary winding being next 
to the stampings, and this operation gave nee to considerable mechanical 
disturbance Expenment 2 shows that the maximum permeability has 
dropped to 8330, and the initial permeabihty is small On demagnetising 
the specimen (Expenment 3) the effect previously observed is produced, 
namely, the initial permeability is increased and the maxunum reduced 
On again polarising the specimen with a force of 6*16 and leaving it for 
four days the ring was subjected for about half an hour to a high alternating 
force having a maximum of 24 COS. units at 80 complete poiods per 
second. This caused the plates to vibrato and give the chaiactoristio 
sound After an interval of two days Expenment 4 was then made. It 
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will be seen that the maximum permeability went up to 8320, and that the 
initial value was lower than m Expenment 3 Expenment 4 also includes 
the takmg of a few hysteresis loops, the particulars of which are given in 
Table II In the same table are also givon figures taken from a normal 
specimen of stalloy which had been demagnetised most carefully * The 
maximum values of tho magnetic induction happen to be very nearly the 
same It will bo noticed that tlie coercive force Ho m the present expen- 
ments is smaller for this value of the induction, whereas the residual 
magnetism Bq is larger The ergs per c}cle per cubic centimetre are less in 
the ratio 705/1030 

Table II — Hysteresis 

t 

I I P«mea. Ergs per Cobm™ Kendual 

Expt Umax j abi)tty, , cycle per Ho 

{ 0 228 869 1665 6 68 0 0646 116 

0 471 2800 6940 216 0 806 2100 

0 -726 6040 8820 70S 0 404 6160 

2 77 10460 8780 1760 0 488 9020 

' Boy Boo Proo 1 364 6060 4470 1030 i 0 60 4666 

A, TOl 80, p 548 < 

(1908) 


Jitng JVo 2 

This spooimeii had been cooled se\eral tunes to the temperature of liquid 
air, and it was mentioned in the eailier paperf that such treatment had 
the effect of inoreasiuf; permeability when in a dema^etised condition 
It has behaved somewhat differently from King No 1, that is to say, when 
the specimen has been polarised in the shield the maximum fiermeability 
has not suffered so marked a change as might have been expected from the 
earlier experunents After a preliminaiy test (Experiment 6), as it was 
onginally left after the cooling experiments, the img was divested of its 
winding and raised to a temperature of about 800*^ C It was then allowed 
to oool in the shield without any appbed magnetic force On ie>winding it 
the permeability was found to he slightly smaller (Expenment 6) The nng 
was then wound with an asbestos-covered coil and allowed to cool from 
about 800° 0 in the shield, with a steady foroe of 14 C.G.S applied 
constantly. Experiment 8 was then made As in the case of Bing No 1, 

* ‘ Eoy Boo. Proc.,’ A, vol 80, p 546 (1908) 
t * Fhys. Boo. PMo vol. S3, 4, p S56, Juae 15, 1811 
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a maxitniim permeability of over 10,000 was obtained, and it is larger than 
in the case of King No 1, for the higher values of the magnetic induction. 
Curve 8 can be compared with Curve 1 in this connection The specimen 
was then re*wound and Experiment 9 made The effect of mechanical 
distui banco has again been to lower the maximum permeability, but in this 
case to 7230, as against 8330 in the case of Bing No 1 Aftor demagnetising 
the spommeu from a foice of 8 95 C 6 S units Experiment 10 was made It 
will be seen that, although the permeability at low forces is increased, the 
maximum value is not diminished, as might have been expected 

In each of the above cases no allowance has been made for slight possible 
burning away of magnetisable matenal 

No 3 

In order to compare the results above described with those obtained by 
treatment in the shield without heatmg, another specimen of stalloy was 
chosen and as the polarising forces used in the onginal paper wore small, it 
was thought well to try the effect of a larger one Bmg No 3 was polansod 
to a force ot 174 0 G S units in the shield, and Experiment 11 was then 
made The maximum peimeabihty in this specimen has the value 6900 as 
against 5900 in the earlier experiments Demagnetising the specimen from 
H = 2 C G S units has increased the permeability at the lower forces but 
not seiiously affected its maximum value Curve 12 is interestmg, as it 
shows that the moderate maximum permeability of 6900 gives rise to higher 
permeabilities at the larger values of the magnetic induction 

Eleetnc Renintance 

An experiment has been made to discover whether the specific resistance of 
stalloy 16 affected when it has been subjected to cold treatment lu the shield, 
and has yielded a negative result 


Conclimon 

The experiments show that the permeability of stalloy in ring form can 
be increased greatly by heat treatment, that is by allowing the material to 
cool through the temperature at which it becomes a magnetisable substance 
during the time that it is shielded from the influence of the earth’s magnetism 
and subjected to a magnetising force Values of the permeability higher than 
10,000 have been obtained A characteristic feature of the curve of permea^ 
bihty and magnetic induction is that the higher the maximum permeability 
the lower is the permeability at the higher values of the induction. The 
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dissipation of energy due to magnetic hysteresis is lower than m the normal 
stalloy specimen for a given value of the magnetic mductiou 

Tlie above experiments were made m the Sir William Siemens Electrical 
Engineering Laboratory, University of London, King’s College I wish to 
thank my laboratory attendant, Mr Gtoorge Jones, for the assistance which he 
rendered 


On Newcomb's Method of InvesUgatmg P&nodicihes and its 
Application to Brticknei^s Weather Cycle 
By Piof Aqthvu Schuster, Sec BS 

(Received April 21, — Read May 7, 1914 ) 

During the last few years of lus life Prof Simon Newcomb was keenly 
interested in the problem of periodicities, and devised a new method foi 
their investigation This method is explamed, and to some extent applied, 
in a paper entitled “A Search for Fluctuations in the Sun’s Thermal 
Radiation through their Influence on Terrestnal Temperature” The 
importance of the question justifies a cntical exaimnation of the relation- 
ship of the older methods to that of Newcomb, and thoi^h 1 do not agree 
with his contention that his process gives ns more than can lie obtamed 
from Fourier’s analysis, it has the advantage of great simplicity in its 
numerical work, and should prove useful in a certain, though I am afrud, 
very limited held 

Let/(0 represent a function of a variable which we may take to be the 
time, and let the average value of the function be zero Newcomb examines 
the sum of the series 

/(<l)/(fl + T)+/(#*)/(f*+T)4'/(f*)/(<8 + T)+ . , 

where fi, tt, etc , are definite values of the variable which are taken to lie 
at equal distances from each other. If the function be penodic so as to 
repeat itself after an interval r, the products are all squares and each 
term is positive If, on the other hand, the periodic tune be 2r, each 
product will be negative and the sum itself therefore negative. It is ea^ 
to see that if r be varied continuously the sum of the series passes tluou^ 
maxima and minima, and the maxima will indicate the periodic time, or any 
of its multiples 
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Newcomb takes, for convenience, sucoeemve values of t to be equal to 
multiples of the mterval to ss ($o that if oi, oi, etc, now represent 

the successive values of the function, it is sdfhcient to calculate the sums 
2(a» Oa+i) SI ai<i*+aso*+o»a4+ ., 

2(0^ <*i,+a) = «i<*a+#a®4 + <*3®6+ •• 

the general term being 

2aBan+j» = «iflp+i+«s(^+a+«yf^+a+ • 

If the sum 2 (a«aa-i. 4 )) the first to give a maximum, a periodicity with 
time pto 18 indicated 

The relationship of Newcomb’s method to that based on Founei^s analysis 
18 easily established Writing 

2 /( 0 /(f + r) = [/(0+/(<+T)r-(/(0]»-[/(<+T)f. 

give to t successive values tu ij, etc , and perform the summation If the 
total range of time included be large compared to r, the sum involving the 
second term of the right>hand side will be sensibly equal to the corre- 
sponding sum of the third term and mdependent of r. The variation in the 
value of the sum of the left-hand term, which is twice Newcomb's sum of 
products, depends therefore on the vanation of 

2{/(0+/(<+t)P (1) 

The interpretation of this is obvious, if we make nee of the optical analogy to 
which I have drawn attention in previous communications. For in any 
tram of waves we may identify /(f) with some vector such that the 
energy pasemg uiut surface at that pomt is proportional to the integral 
of [/(f)]^ taken between the proper limits. If in the expression (1) the 
sum IS replaced by an mtegral, we see that it can be identified with the 
energy of two superposed equal trains of disturbances, one bemg retarded 
with reference to the other through a time interval r, and the vanation 
of T gives us the inteiference pattern formed by a grating with only two 
reflecting spaces. There is, therefore, no diflbrenoe m prmciple between 
Newcomb’s method and that of the periodogram, both havmg their analogies 
in the speotrosoopio resolution of bght, but while tiie periodogram aims 
at sepaiatmg true periodicities from accidental ones by high resolving 
powers. Prof. Newcomb restricts the resolving power to its lowest possible 
value This renders it quite meffective as a detector of hidden penodieibes. 
Its use, if any, must lie in a different direotitai 

The class of problems for which Newcomb devised his method is that 
which contains what he calls a " tendency ” towards a periodicity As an 
example, he gives the fluotuatiem of ocean waves, or the swing of « 
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pendulum which ih subjected, at intervals, to impulses altenng its phase 
and amplitude, and argues that here Fourier’s method might give “no 
period whatever ” This statement is not oorieot In the ease contemplated, 
the harniomc analysis would give the resultant (taking account of diflforence 
of phase) of all the Fourier terms obtained when each group of undisturbed 
oscillations is treated separately , such group, consisting of a limited nnmbei 
of oscillations, does not constitute a homogeneous system, but contains a 
number of periods adjacent to the principal one The resultant of the 
combined groups for each period can be estimated by applymg a theorem 
due to T,ord llayleigh,* which reduces the question to one of probabilitiea 
According to this tlieorom, there is a definite expectancy for the resultant 
amplitude, which can be expressed in a simple manner, if the amplitudes due 
to sepaiate groups are equal In that case, the expectancy for the resultant is 
y/n times the common amplitude, if be the number of groups, and although 
It may hajipen that for one period the resultant is zero, this is compensated 
by amplitudes greater than the expectancy in the adjacent petiods, the 
average for all these periods being perfectly definite In the periodogram 
method the average intensity is taken foi closely ailjoming frequencies, and 
this avoids all ambiguity or possibility of failure 

In optical language, the disturbance contemplated by Newcomb has a 
spectrum containing one baud which may be broad if Idle number of 
undisturbed oscillations be small For a spectrum of this kind small 
resolving powers may be as good as large ones, and much bettei if account 
be taken of the diminution of labour involved But in cases such as occur 
most frequently, we must be careful to remember that what may look like 
a single broad baud may really be a su^ierpoBition of several bands which the 
low power is not capable of resolving We should therefore use the method 
of low resolving powers cautiously, as a first exploration, to see what kmd of 
disturbance we are dealmg with For definite periods standing out feebly 
against a continuous background high powers are essential 

There is one distinction between an optical or acoustical tram of waves 
and the disturbances which are contemplated m tlie present discusnon. In 
the former oases we have no knowledge of the actual displacements and the 
separation of periods by optical analysis or by resonance is the only method 
available In hunting for periodicities in cosmioal phenomena we start on 
the other band with a direct knowledge of the vector to be analysed, and it 
might be urged that this additional source of information allows ns to apply 
a more direct treatment than that based on Founer’s analysis. My reply is 

* “Ob the Besultant of a Number of TibratfoBs of the same Pltdi and Arbitrary 
nSM,” ‘ Phil Mag rel. 10, p 78 (1B80). 
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that ui the cases which I have mainlj had m view, the additional infonnatioD 
18 oi no assistance, the peiiodicities ta be lookeil for being hidden by mci- 
deiital or at any rate irregular disturbances There nre, however, inter- 
medute cases between obvious periods, such as the diurnal change of 
temperature, and liulden periods such as that involved in the possible 
synchronism of sunspots and meteoiological phenomena A case in point is 
the sunspot curve A period in the neighbourhood of eleven years is clearly 
indicated without recourse to analysis, by direct inspection of the variatums 
and the number of spots, but the regular cycle is mterfered with and 
considoiable variations in the distances between successive maxima are 
observed Fourier’s analysis here may possibly be supplemented by other 
investigations, though it cannot be replaced by them When, liowever, the 
cuive of variability gives us no indication by direct inspection of the periodi- 
city looked for, the jieriodogram method seems to me to be the only 
available one 

About 25 years ago. Dr Eduard Bruckner, mvestigatmg secular changes of 
climate, came to the conclusion that “the variations of climate consist of 
fluctuations of temperature, baiometno pressure and rainfall, which occur 
simultaneously ovei the whole earth in a period of 36 years." ETumining 
the evidence on which this vei} definite conclusion is based, it occurred to 
me that the periodicity claimed — if it has a reality — must be of the kind for 
uhich Newcomb’s* method is specially applicable The average distances 
between successive maxima or minima in the senes of observations on which 
Brackner bases his conclusions vary very considerably, and though there can 
be no question of a strict period, theie seemed sufficient evidence of gimps 
of periods near 35 years to roudet furtlier investigation desirable In the 
meantime meteorologists generally have accepted Bruckner’s cycle, and some- 
times used It as a basis for predicting a succession of cold or warm winters. 

The records collected by Brflokner for the frequency of exceptionally cold 
winters date back to the year 800 and ate summonsed in a table in which 
piogresBively from 5 to 5 years the numbers of these winters in an interval 
of 20 years are given Thus the figure attached to the year 1430 represents 
the number of cold winters between 1420 and 1440, and the next figure 
attached to the year 1435 is the number of cold winters in the mterval 1426 
to 1445 It IS clear that this process eliminates any period of 20 years or of 
its submultiples, and considerably dimimshes the amplitude of penodioities 
up to 25 or 30 yean 

In applying Newcomb’s prooedara to Britekner’s senes of figures, I have 

nmt 

formed the summation of the products ia»Mn*p, increasing tihe values of jr 
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from 1 to 14 , tho penods examined ave therefore the 14 first multiples of 
6 years. The whole senes of data was divided into ten sets each exteoduig 
over 100 years. 

The summation is performed for each set by giving the appropriate values 
to 8 and t In the first senes of sums 8 is put equal to 1 and t equal to 19 ; m 
the second senes the limits would be 20 and 20 We obtain in this way 
nme complete sets of sums, which are given in Table 1. The summation of 
the vertical columns gives the final result, subject to a conection due to the 
divergence of the mean value of a from zeio This correction consists niomly 
of a constant to be subtracted, and might therefore be neglected, as we have 
only to consider the fluctuations in the value of Kewcomb's sums, but there 
IS a small outstanding dififeience which in the present case is appreciable, 
because, owing, no doubt, to the better statistical information, the numlier 
of cold winters m Bruckner s table is ^considerably greater at the end than it 
was at the beginning of the series To determine the correction, let c be the 
general average of all the values of a, and let m be their total number, so 
that mr=^an We have then — 


The summation is to be taken from ?( = 1 to n ss m 
* If in the last term we substiUite 


Scfn+p — 2a» 5 = («m+l — + — — «p)» (2) 


Table L — llecords of Cold Winters flora the Year 800 (n ss 1) to 1775 (n =196). 
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We see that the coireotion to be apphed to SaBSiii,+^ to reduce it to the 
value it would have if all quantities a were referred to their common average 
consists of a constant term and a term depending on p whudi is 

tunes that standing on the right-hand side of equation (2), both correc- 
tions are to be subtracted Newcomb's sums corrected in this fashion are 
given in the lost row of the Tables, and this row of figuies may be called 
“ Newcomb’s periodogrnm " 

Before discussing the conclusions to be drawn from the records of cold 
winters, I take as a second example the dates of the beginmng of the vintage 
in Central Europe, for which we possess records dating back to the Middle 
Ages These, so far as they relate to France, have been collected with great 
care by Angot, and similar information referring to parts of Greimany and 
Switzerland is available, and was used by Brtiokner Without desciibing 
the method which he has used in order to ehmmate local pecuhanties and 
obtain a homogeneous scries, it is sufhcient to say that the figures he used are 
five years’ averages, the smaller numbers mdieating late vintages Table 11 
gives the results arranged as in Table I 

Table IT —Records of Vintages for each Lustrum from 149G-1500 (» = 1) 

to 1881-1885 (n = 74) 
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In interpreting the results of these tables we must bear in mind tliat 
Newcomb's penodogrom depends on a single retardation, and oorreeponds to 
tlie analysis of light by two slits Consequently we have not only the 
" central image,” but an overlapping of spectra, showing maxima for retarda- 
tions equal to zero or to any multiple of the original period. The central 
image is indicated in the tables by the high value the initial column 
coiTesponding to zero retardation. The minimum in the record of cold 
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winters which is shown with a period of 20 years is obviously due to the 
method of treating the observations by taking averages over 20 years, and 
hence eliminating any real or accidental period of 20 years The records 
of vmtagea show a maximum for a period somewhere between 15 and 20 
years, and a mmimmn for a period of 10 yeara This indicates that there 
is no prominent period of smaller time than 15 years (A negative number 
means an intensity diminished by interference, and if there is a period r, 
negative numbers should therefore appear fot a retardation j^r) Both 
Tables indicate a maximum lor a period of 50 years, and neither of them 
gives any indication of Bruckner's cycle of 35 years, though both records 
agree m a very small rise for a period of 30 years The maximum of 
50 yeaiB which is so well marked in the vintage records is found on applying 
Fourier's analysis to be duo to a periodicity of 25 j ears, and the minor 
maximum at 30 years is similarly due to the periodicity of 15 years Supple- 
menting Newcomb’s analysis by the usual process, 1 can find no evidence of 
a dehnite period, except possibly that of 15 years 

The mam conclusions of the present enquiiy aie — 

1 Newcomb’s method of investigating periodicities is only applicable to 
special cases, the results obtained being in general difficult to interpret 

2 Newcomb's method when ai)plied to BrCickner’s 36 years’ weather cycle 
does not lend any support to the reality of that cycle, although it seems 
specially adapted to deal with the type of periodic fluctuations which are 
advocated by Bruckner 

To prevent misunderstandings it seems advisable to point out that 
Bruckner’s conclusions as to fluctuations of climate extending over long 
periods of years and affecting simultaneously a large part of the earth arc 
not affected by the above results I consider them, on the contrary, to be 
of great importance, although m my opinion no periodicity iti the proper sense 
of the term has been estabUshed 
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On the Effect of the Magneton in the Sooittering of a-Ro^e. 

By W M Hicks, ScD., PRS. 

(Beceived April 24, — Bead May 21, 1914.) 

The present cotnmunioation is intended to illustrate a remark maderin the 
discussion on the constitution of the atom at the meeting of the Society on 
March 19 Its object is no more than to show that the molecular magnetic 
fields discovered by Weiss are very efficient agents m the scattering of a- and 
/9~particle8 For this purpose the simple case of charged particles moving 
in the equatorial plane of a fixed magnetic doublet is oonsideied without 
taking account of a central nuclear chaige The solution of this simple 
problem will be sufficient to enable a rough estimate of the magmtude of the 
efTeot to be formed 

Suppose the plane of the paper to be the equatorial plane of the doublet 
situated at 0 (figs 1, 2) with its north pole above the paper so that the 
field IB down through the paper and is equal to M/r* 



Suppose' the particles at a great distanco are moving parallel to XO. 
The paths will all be curved, with their concavities on the left of the 
direction of motion Further, let e denote the chaige m magnetic units, 
m the mass, and v the velocity Then the force normal to the path 



where p is the radius of curvature. 
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Heuce 


P = 


mv 

eH 


mo 

‘eM 




where a = a/ — and is of the dimensions of a length 
^ mv 


Two cases arise according as the path is (i) convex or (ii) concave to 0. 
If p denote the perpendicular from O on the tangent, 

/• — = — p in Case i, 
dp ^ 

= + p in Case ii 
Hence » p = 0 + — , Case i, 

T 

= C— — , Case u 
r 


In the paths of special interest for onr present puiposo the particles 
arrive from infinity If p' denote the distance of the particles from the 
line XO at a great distance, C — p' It will be convenient to write 
p' s= 2 a tan «, so that all values of p' will be contained between « ss 0 
and ir/2, also to put 1/r =s u 

Then p = 2 a tan «±a*M accorthug to Case i oi ii The possible apsidal 
distances are found by putting p n ? , and are therefore given by 
fHuie I Caiwi u 

1 s 2awtan « + I = 2rt»tan«— a*M*, 


or 


au ss 


1— Hin« 
cos a ' 


au 


Bin «±^/(ain*«f-coe*«) 
cos« 


= imaginary when « < w/4 

Also vkhen there are tangents to the orbits from 0, their lengths ate found 
by putting p s 0, or 


Length of tangent s a^fp ' s J a cot « in Case ii. 

It IS interesting to notice that there is no dynamical reversibility here. 
If, say at an apse, the velocity of a particle is revet sed, the particle does not 
return over its former path, because the forces are also reversed Never- 
theless the actual path is clearly symmetrical on the two sides of an apse * 


Using polar co-ordinates with XO for the initial hne. 



* 1 - 

dd ^ p ' 

* If the forces between the molecules in e gas depend on magnetio fields, the paths 
will not be reversible, and a difficulty felt in the kinetic theory of gasee will be obviated. 
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Case i. — Particles projected on left of OX. 

p Si 2atanfl?+a*w 

Before an apse is reached dTjcIO is negative 

^ y/f 1 

dd^ 2ai+«*w 

where t stands foi tan a 
Hence the equation to the imth is 
2at^ahi 


e 


p 2 


'dn 


pw d/it 

To transform the elliptic integral write = cosx 


The int 




Wa _ 

X v/(<^ + COBx) 


rir/a 


sin a 


iixM. 




where k ^ ^2 co8« Thw is, theiefore, suitable for cos *<1/^/2 
«>ir/4, te, p'> 2a, 

Hence, when p'^ 2 a, 

B = J»in-i(2ffl«<+«»M)+8in«j^ ^(l-1*8in» ' <^) * 
where cos 2^ = cos ^ = 2aiit-^a^H^ 

Wlien p' < 2a write A sin ^ « siu ^ and replace 9 by ^ 


and 


0 = Jsiu"’ (2a««+fl''K)+-75tan« 

s/i 


pr/»-. 

Je ' 






with 


i and sin^ = C 06 «v^'{l— 2««<— <At*} 


v^2 cos « A 
For partioles aimed to the left of XO, therefore — 
■When p' > 2a — 


Apsidal angle m 0 se ^ + sm « F ^ j , 


Apsidal distance 
When p' < 2a«-— 


. l-fsma 

C08« 


Apsidal angle * 0 = f 


Apsidal dietanoe 


oos« 
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For a particle shot along XO, p' s 0, « = 0 

0 ^ \ sm'^ <At* 

or a*M® sss.Bm2^, 

a rectangular h} perbola The deflection is therefore 90** 
For a particle shot at a distance 2a, A; as X s= 1 


with 




The deflettion is ^ ^ log,(3 + 2v/2) = 18° 35'. 

2 \/2 

with apsidal distance a (y/ 2 + 1) = 2 4l4a 

The particles coming m on the left of XO are therefore scattered within a 
light angle and none are reflected 

Case iL — Particles shot on right of XO. 

Here p = j/^a^fr = 2at’^a^n 

Ah in Case i. 

When p' < 2a or « < «'/4 there is no apse, and an increases from 0 until at 
eu B 2f, p s 0, or the radius vector touoliea the orbit Beyond this the 
path IB convex to 0. Let 0i denote the angle up to the tangent The 
atguiueut of the Bin~' term increases from 0 to a maximum valne ta, and then 
decreases to 0 Hence between the limits the value is 0. So the mt^;ral 
between the same limits is 

f‘/» rfu 

\/{l— (2att<— a*a*)*} ’ 

or, with the same notation as before. 


n/t 
2at I 
Jo 


2 

v/2 


1 1 


with 


> 

y{l-X*8in*^}’ 

1 


^/2oo8«* 

Bin^ m: co8« Y/(l + 2aiif— a*t<^) =i v/{l— (sina— attoos*)*} , 
hence sin b oosa » sin^^— or ^ oi 


also ^ corresponds to 


an a 
Bin^ 


t 


1 . 
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Therefore 

= ./2tan« {r(x.|)-F(x |-«)} . 


Beyond the tangent point 


psi 2atRn «, 


and there ib now an apse at 


au 


l + 8in« 

COSdC 


Also dr/d6 18 now positive and 

^ _ y/f 

d0 ~ a%— 2a/ 

e = Bin-» (a*u‘^2aut)+at 


As m Case i, transform the integral by writing 2ait/ s* cos2x, and 
A* sin s RUL <f>, giving 

sm^ = C 08 «^{l + 2aw/— a*a®}. 

To au ss 2 1 corresponds 

8in<^ = COSfl( 01 M 

2 

To the spue corresponds 

sin ^ a: 0 „ ^ as 0 

If then 0a denote the angle from tangent to apse, 

The angle to the apse u 

8 - ».+«. - -f+^Wn. {2F(\.f)-F()i f-.)} 

■* 

When p > 2a there are two possible apsidol dutanees since a > w/4 
For particles coming from infinity, u will increase from 0 and will reach the 
smaller value first Tins is therefore the apsidal value for our immediate 
purpose, and 

sin «— ^(da* «--ooB*«) 

00B« 
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with 


We have ^ J sm"^ (2a«<— a*M*)+8in «|* » 

h =s y/2 cos « * 


Bin 


♦ = Vi 


+ 2au/— 


* y/{ 1— *4(1— 2aw< +»*»•)} 


where ji, aie the two roots ot the apsidal equation, q\ < ja Since 
(aw— ^i)(a?x— ja) must be positive, aw oi > g^a 

Now flw = ?i *= l)i whereas the possible tangents are given by 

mi = 2t Hence au is always less than a }>usaible tangent, or, in other words, 
the orbits are all concave to 0 

As au increases from 0 to 71, ^ increases from w/4 to w/2 Hence the 
apKidal angle is 

0 = ^ + 8111 a -|^r * A=5Y/2c0Ha 

tktolh — Although not required for the immediate purpose of this paper, 
it may be interesting to complete the theory of the orbits by considering 
the case of those orbits which do not stretch to infinity It is the case 
where aw is greater than the loot m the immediately preceding para- 
graph, 01 

aw£^4 v/(<®-l), 

with t>l or a > 7r/4 

With 

* S= v/2 cos « and sin tf, = J (l-2«»<+aV)} 

Since ^ is real, 

1 + 2aut—ahi* > 0, 
aw 5 < + v/(<* H- 1 ) g ^ * 

Thus au lies between < + v/(<*-“l) and <+v/(<*+J)* -A* «« increases from 
the smaller value it passes through the value 2t, corresponding to a tangmit 
through 0, and, as m the former cases, (die curve changes into one convex to 
0 In the concave part the amplitude of the int^ral increases from 
^ m rr/2 to ^ w and the angular dutanoe from apse to tangent is 

ft - 
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The curve now changeB The apsidal distance is given by 


dy I dd IS + and 


2aw^ = 1, 


^ 1 + Bin « 

(lU =3 — 


' cos a 

— s= ^ 

rfd " a*u^~^2avt 


- -sm- (A»-2 .-()+b. 

As an goes from 2t to the apse ^ goes down from w/4 to 0 

w 


02 ” +sin et K I 


f(* I). 

@ 4* “ Bln 0 B J? 


It IB now easy to see the ^neral arrangement of the orbits The change 
of Bhape, according as the shot la aimed at different distunoes from O, is 
illuntrated in hg 1. Shots on the left of O are all deflected to the left 
between 0° and 90°. None are reflected back That aimed directly at O 
describes a rectangular hyperbola, touching the circle radiuB = a With 
increasing distances on the right of 0, the particles are first reflected in 
a backward direction in paths of the general appearance of hyperbolas 
That aimed about 0 85a on the right is returned in the opposite direction 
Farther off the return path crosses the incident, and loops are produced. 
The most remarkable effect is when the aim is very close to p s 2a 
Just less than this the path is a spiral of very many turns, then a loop, 
and the same number of turns in getting free Just greater than 2a, the 
paths are also spirals with many turns, but in this case coming to an 
apse without a loop, and then getting free. This critical circle is the 
path we should obtain if we proceeded to calculate the circular orbit in the 
usual direct way 

It IS therefore clear that this orbit is unstable. All particles aimed withm 
a small distance ± dp of 2a on the nght will be scattered in all directions, 
but the total number through dp is so small that this effect would have little 
mfluenoe on the law of scattering To deduce a law of soattenug it would be 
advantageous to calculate the deflections for equal intervals of p' There is, 
however, no object to be gamed by domg so, as the result can scarcely 
correspond to reahty, for two reasons. First, because the theory is not 
complete as dealing with particles moving m the equatorial plane only; 
and, secondly, because in the case of a- and /3-partioles, the electric reactums 
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are not considered * A theory which neglects the electrostatic forces is as 
deficient as one which neglects the magneton effect In the figures, therefore, 
orbits only have been calculated for selected values of h and X which occur 
in the tables of elliptic integrals given in Bertrand’s ' Integral Calculus ' 

It IS interesting to note that a particle moving m an orbit sufficiently close 
to the circle (radius » a) behaves like a radioactive oe- or /^-particle By 
taking it close enough, it may be arranged to dosciibe any number of 
revolutions, i^e , have any life, and then disintegrate 

Scrolls 
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Fig 2 illustrates a few of the scroll orbits The inner apse always lies 
within a circle whose radius is (v/2 — 1) a, the outer apse withm the oritioal 
circle a The scroll Ss is so small that an enlarged drawing la given on the 

^ This case admits treatment similar to that here given^ but the disoassum ol the 
integral involved u more comfdioatedL 1 hope to return to this on a later 
ooowioii. 
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same figure magnified five times, O', A', S'«, corresponding to 0, A, 8a. It u 
curious to note that a particle takes much longer to make one revolution 
round 0 than if it circulated directly with its special velocity v. When 
close in the loops become almost close circles For instance, for a distance 
about 0 09a, each loop is displaced about 1 mmute from the preceding one, and 
its radius is 0 0016a It would take 192 tunes as long When very close in 
it would appear almost stationary, with a sort of secular change of position 
Of the particles from outside none uin penetrate nearer to O than (\/2 — 1) a 
If we take the case of a single magneton M == 1 6 x 10~** Foi a /9-particle 
e/m K I 73 X 10^ and v a= 10*" about For an «-particIe we may take e/mo 
about 2 5 X 10"* Consequently 

a = 1 6 X 10"** for a ^-particle, 
a = 0 6 X 13"*® for an a-partiole 

The nearest approach is consequently of the orders 6 x 10"** and 2 x 10”** 
for penetrating and a-rays respectively Wlien the deotrostatic action is 
taken into account the effect on the «-particIe will be to make this minimum 
distance very much laiger, not only on account of the direct action, but 
because the diminution of velocity caused by it will also rendei it more 
subservient to the magnetic held 


LumtnoViS Vapours Distilled from the Arc, with Applications to 
the Study of ^cctrum Senes and their Origin . — 

By the Hon R J SiBUrr, Sc I) , F R S , lYofessor of Physics, Impenal 
College, South Kensington. 

(Received April 28, — Bead May 21, 1914 ) 

§ 1 Introdvetwn 

In a paper entitled " Duiation of Luminosity of Electric Discharge in 
Gases and Vapours,*'* reference was made to a known phenomenon shown 
by the mercury arc in lamo when meroury is allowed to distil away 
from a meroury lamp into a lateral tube sealed on to it, the rapidly 
moving vapour cames its luminosity for a long distance out of the electric 
field It was shown how effects not essentially different might be 
obtained with mercury, and other metals also, using not the arc, but the 
leyden jar spark between poles of the metal, but this method, owing to 

* 'Boy Soe Boo,*A, v^ 88, p. 110 (1918). 
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the intermittenoe of the sparks and the small scale of the effects, is far 
less satisfactory than the use of the arc At the tune of writing the 
paper cited, I thought that it would be very difficult to extend the use 
of the arc to metals less volatile than mercury, but the problem has 
proved more tractable than was expected 

§ 2 Method of — Apparaim vMd 

The vessel in which the arc is confined will be called, for convenience, a 
lamp, though it is not used directly as a source of light* 

The lamp, then, containing the metal under investigation, stands in a 
large exhausted receiver a (fig 1) It consists of a short length of rough 
quartz tubing* ft, which may conveniently be from 5 to 10 cm long and 
8 to 20 mm diametci This is coveted with asbestos paper, for opacity, 
and closed at the bottom by an asbestos stopper e The latter is held 



Fio. 1 

* The cheap kmd made hy the Thermal Syndicate* NewofMtle. 
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down by an iron stad and nut with washer The stud passes out through 
a rubber cork d which insulates it from'the base plate ee 

On the nut, and in electrical contact with it, is placed a piece of the metal 
under investigation — a rough lump, or, prefeiably, a short length of rod, 
of such size as to fit the quartz tube In any case enough metal should 
be used to form a layer 1 cm. deep over the top of the nut * In expen- 
ments with potassium and sodium a hollow iron cup replaces the nut 
This cup contains the alkah metal, and protects the quartz and asbestos 
from contact with it 

The pool of metal /at the bottom of the lamp, melted by the heat of the 
arc, forms the cathode Tu some experiments the lamp is closed at the 
top by an iron diaphragm g, which serves as anode, and which is pierced 
with a central hole from which the luminous vapour issues into the space 
above , g is held down by the iron cap h fitted tight on to the quartz tube 
with asbestos paper In other experiments a cylindrical iron plug with a 
hole along the axis is used as anode It fits close into the tube (fig 2), 
and becomes hot enough in use to pievent any condensation of metal in the 
channel 

In either case contact is made with the anode by means of a metal rod j 
passing through a rubber cork inserted m a tubulure in the air pump 
plate The wire ligature ^ facilitates dismonnting. An iron rod I is provided 
whioh can be inserted into the lamp through the aperture at the top, 
making temporary contact between cathode and anode On withdrawing it 
the aro IS struck , I can be manipulated from outside by means of an iron 
rod passing out through a barometric column. After the arc has been 
struck I can be turned aside out of the way 

In Hie sectional diagram (fig 1) only two apertures through the base plate 
are shown, exclusive of that in the middle In all, however, there are 
BIX, equally spaced on a circle oouoentnc with the plate. Of the remain* 
mg four, the firU carnes a brass tube of 2 cm. diameter for connection 
to the Oaede molecular pump, which momtama a cathode ray vacuum in the 
apparatus f 

The second carries a discharge tube, with a stopoook opening to the air 
The state of the \acuum m the bell jar con be judged at any tune by 
tlte appearance of an induction coil discharge in this tube. 

The thvrd wadfowrth carry vertical metal piUaxs, passing in throng rubber 

* In soma ezpennMnts with magnwiam a diatge of as oraoh as 7 gmi. of tho motal 
has been distilled away 

f A short rubber oonneetion is necessary to give flexibility, and eenly allows of a high 
anougb exhaustion. A spiral spring inside keepe It from eoUapee. 
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stoppers, with ebonite bushes to support and insulate them in the tubulures 
paasmg through the plate These serve to carry the supplementary electrodes 
to be mentioned later, for expenmenting on the properties of the glow m an 
electric field 

In use, the bell jar very soon becomes covered inside with an opaque 
deposit of volatilised metal, sometimes thick enough to peel ofiT in a 
coherent film This, of course, prevents observation of what is going on 
inside The difficulty bets been almost completely overcome by placing a 
metal tube in the bell jar, pointing at the lamp with one end close up 
against the glass In this way a window corresponding to the cross 
section of the tube is preserved clear, the tube itself taking the deposit. 
The tube used is of rectangular section, 5 x 1 cm , and 5 cm long The 
top of the lamp, and the space some centimetres above it, is open to 
observation through the window The current usually passed is from 4 to 
10 amperes An olectro^magnet in the lamp circuit to provide inductance 
overcomes, to a great extent, the tendency of the arc to go out This device 
has been used by Lord Rayleigh 

% In these experimenta it waa neoesHary to remove the bell jar, for cleamng it and for 
recharging the lamp with metal, two or three times in a day’s work, and many scores of 
times in all This has made worth While an improvement in the method of oementiug it 
Ordinary soft red wax is used, but it is squeezed merhanically into a thread or wire 
2 mm in diameter, which is laid round the flange of the bell -jar The latter is placed 
on the plate without heat, and the air-pump started The atmospheric pressure forces 
the bell- jar down and flattens uut the wax between it and the plate, making a jierfect 
joint The ariangemeut foi makmg the wax thread consists simply of a stopped brass 
tube, a (flg 3), witli a brass plunger, ft, fitting into it It is placed endwise in a large 
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parallel vice, which serves to force in the plunger The wax thread, d, then exudes 
thi^ough a small side hole, c, of appropriate size, near the dosed end of the cylinder 

Whether the anode should take the form of a perforated diaphragm or 
a perforated plug depends on circumstances. The latter has the advantage 
in pomt of durability, but when the metal to be volatilised » one which 
gives a luminous jet with difficulty, the diaphragm form must be used, 
as allowing the vapour to issue m the minimum tune An objection to it is 
that m some oases there is a tendency for a discharge to pass from the 

2 D 2 
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outside face of the anode through the aperture and down to the cathode 
This i8» of course, to be avoided, as thd object is to examine the luimnoas 
vapour outside the region of discharge A sheet of mica with a hole corre* 

spending to that in the diaphragm can be 
placed over it, and successfully cures the 
trouble 

As might be expected, the shape of the 
issuing jet of luminous vapour depends 
on what kmd of hole it comes out from 
With a hole m a thin diaphragm, the 
exuded vapour expands into a bulbous 
form (a, fig 4), with the plug form of 
anode, which has a long nariow channel, 
the shape of the luminous jet is more 
like that of an ordmary blowpipe flame 
(b, fig 4) 

§ 3 Esepenmenta unth the Varumn MeUia 

The first conditiou nBcessary for 
getting a jet of luminous vapour issuing 
from the lamp is to have a free evapom* 
tion of the oathode metal. Accordingly it is only with the more vdatile 
metals that the result has been achieved The list is as follows, roughly in 
order of volatility — mercury, arsenic, potassium, cadmium, sodium, zinc, 
magnesium, calcium, antimony, thallium, bismutli, lead, stiver, copper 

Comparative volatility of the metal is the chief but not the only condition 
which determines whether the distilled glow will be extensive, and easily 
mamtaaned 

Thus mercury, cadmium, zme, aud magnesium give magnificent effects 
without difficulty under almost any conditions Using a plug anode, 
2 6 cm long, perforated with a 4 mm. hole, a bright jet 7 or 8 inches h^[h is 
easily obtained. With a long channel like this it is necessary to pass ratltoi 
large ourrents, causing copious distillation Thick dqiositB of finely divided 
metal may be found on the bell jar, and in the case of magnesium these are 
sometimes spontaneously inflammable. It is important to let the bell jar 
get quite cold before admitting air. 

With oalmum a very brilliant crimson jet is Bometaaes seen for a moment, 
but it has not bem found possible so fhr to get it under ooutrol. A skin 
apparmtly forms on the surface of the metal smd stops evaipotation. It is 
probably produced by the action of hot calcium on the quartz tube 
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Potassium and sodium give brilliant effects, but are often troublesome, 
sodium especially The molten alkali metal froths very badly in the 
exhausted vessel with evolution of hydrogen, and at tunes will nse to the 
anode and well out thiough the hole The lamp is then usually short- 
circuited by an adherent him of metal inside, and has to be dismounted 
This trouble makes it necessary to limit the quantity of metal put in. 
With potassium one of the commercial balls of metal is quite enough, 
and with sodium rathei less is advisable Another trouble caused by the 
frothing IS that it frequently makes the arc go out Self-induction in the 
circuit 18 specially desirable in these cases If a long channel is used 
instead of a diaphragm for the vapour to come out by, it should not be 
less than 6 inni diameter for these metals 

Arsenic and antimony are not deficient in volatility^ but the jet of vapour 
from them does not remain visibly luminous far from the orihoe, and the 
glow 18 not nearly so striking as m the previous cases A thin diaphiagm 
must be used with, say, a 3 mm hole 

The remaining metals oii the list, thallium, bismuth, lead, silver, and 
copper, are not volatile enough for free distillation unless very hot In 
spite of this thallium gave a hiilliaut and extensive green glow, owing to 
the gieat bnllionoe of the green line, which was the only one visible, or 
at all events easily visible, in its spectrum But the other metals have 
so far given comparatively poor effects Thin iron anode diaphragms 
were used so os nut to obstruct the issuing vapour, hut these are not 
durable enough to stand very heavy currents, sucli as would freely 
evaporate these metals Anode diaphragms of platinum or tungsten might 
do better 

Something may be said upon the effect of air pressure on the phenomena 
This IB best observed when the lamp has been burning some time so that a 
steady temperature has been reached, and free ebullition is in progress * If 
the metal is one of the more volatile ones, air may be admitted up to a 
pressure of several millimetres without checking ebulhtiou and causing the 
Ituumous jet to disappear The jet contracts without much change of shape, 
and becomes intrinsically brighter, but the colour does not usually change. 
The less volatile metals cannot easily be made hot enongh to give a good 
vapour pressure, thus the jet is only exuded in a high vacuum 

An exertion to the rule that air pressure does not affect the colour is 
found in the case of magnesium. In this instance the jet becomes less blue 
and more green (increased intensity of the triplet h) with increasing air 

* For oonvanunoe 1 inelude in this term sublimation, at temperatures where the 
eqnilibnum vapour preasure of the metal exceeds the air preisara in the bell jar 
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pressure The same effect is equally observed when hydrogen is sub- 
stituted for air, which seems to exclude ' the idea that it is due to any 
chemical interaction of magnesium vapour and air 

In the case of many metals there are no marked changes of colour in 
the jet of glowmg vapour as it gets further from the onfioe For instance, 
in mercury or cadmium such differences are moonspicuous There are many 
lines in the spectrum of the glow, and most of these, at all events, decay at 
the some rate 

In other cases there are marked changes With sodium, for instance, the 
outer mantle of the jet is yellow, showing little but the D lines (pnncipal 
senes) Nearer to the orifice, however, the colour is green, and the lines of 
the two subordinate series (sharp and difinse) are comparable in intensity 
with the D lines * It appears, therefore, that the lines of the subordinate 
senes die out sooner tliau the D lines 

Potassium gives a very bnght green inner cone, showing the lines of the 
two Buhordiuate senes The corresponding lines of the sharp and diffuse 
series are, as is known, so close together os to give, in a pocket spectroscope, 
the appearance of a single senes, and as no extraneous lines appear, the series 
relation is probably more striking to the eye in this spectrum than in any 
bnght line spectrum hitherto produced Nine or ten (complex) lines can 
easily be seen and photographed Beyond the end of the senes a contmuous 
spectrum is seen Prof Fowler has pointed out to me that something similar 
18 observed in absorption in the hydrogen stars Outside the green inner 
cone shown by potassium vajiour there is a faint mantle of a violet colour 
By analogy with sodium it might be expected that this would show the lines 
of the prmoipal senes The only representatives of this senes in the visual 
region are in the extreme red and extreme violet and difficult to see 1 have 
not been able to detect them in the spectrum of either the green cone or the 
violet mantle, though presumably they are there So far as could be seen, 
the light of the mantle consists chiefly of the continuous spectrum which has 
been mentioned as occurring beyond the limit of the subordinate senes It 
seems, therefore, that this continuous speotnim lasts for a longer time than the 
senes lines 

Zinc 18 another metal which shows a marked difference in duration 
between different constituents of the spectrum Near the onfice the speotnim 
18 dominated by the green tnplet at 4811. Further out the light becomes 

** In a pralinunary eommimication to 'Nature,’ voLOS, p SS, it was atated thata third 
and inner zone of all wae again yellow, with D hnee donunant. Further oheervation, 
under better oonditione, has Shown that this wae an Ulneion, produced iqiparently by the 
greater bnghtneie near the onfioe 
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reddish with the line X 6363 predominant The contrast between the inner 
cone and outer mantle is conspicuous m any case, but becomes more spectacular 
if the zmc vapour lias to force its way out against 1 or 2 mm of air pressure. 
The luminous jet is then smaller, and the eye does not have to travel so far 
from the green to the red region Moreover the mlnnsic bnghtness is 
increased The same device is useful m observing the rather faint violet 
mantle of the potassium glow already dcscnbed 

Magnesium is a fourth case where colour differences are seen In the 
inner part of the jot, the predoinmant colour is green, and is due to the h 
triplet group The outer part of the jet is dominated by the blue hne at 
\4571 characteristic of the 6anie of burning magnesium In some instances 
thf) latter hne appeals alone in the outer part of the jet, which is then pure 
blue , but this result has only been obtamed occasionally, under conditions 
not well understood The apparent caprice observed in this case may be 
connected with the formation ot a skin on the cathode surface as with 
calcium 

As already remarked, air pressure in the bell jai makes the outer part of 
the magnesium glow green, as the core is m any case 

In all such oases when one spectrum line outlasts another, the hues of 
different duration do not belongs to the same spectrum senes Gases exist, 
however, where hues belonging to different senes appear to have the same 
duration For instance, the yellow lines of mercury have never been seen 
to die out either sooner or later than the green hue 

Earlier investigations by S R Milner* and by myselff have shown that 
lines characteristic of the spark do not last so long as arc lines But the 
observation that different senes of arc hnes may have different durations 
IS new 

In most of the cases above i*eferred to, and in most others, the spectrum of 
the distilled glow is exclusively a line spectrum The following exceptions 
have been noted — 

Magnesium shows, under favourable conditions, the band spectrum of 
magnesium hydnde,” and this may even nval the hne spectrum in aggregate 
mtenaity. The hydrogen believed to be necessary for its production is 
presumably oocluded m the metal 

Arseme gives a glow of slaty grej colour, which consists speotrosoopically 
of broad and regular bands, extending with nearly uniform intensity over the 
whole visual region 

Antimony gives a buff-coloured glow , the spectrum is of the same general 

e ‘Phil Trans*/ A, vol m, p 77 (1909). 
f ‘Boy Soc Proc./ A, vol 88, p. 110(1918). 
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character as with arsenic, bat the bands are much narrower and mine 
numerooB. ‘ 

Finally, the continuous spectrum beyond the limit of the snbordmate 
series in the alkali metals should be added to complete the list 

§ 4 Summary and Condunon 

(1) It IS known that mercury vapom distilled away from the arc in vaeuo 
remains luminous for some distance away from the region of dischaige 
It 18 now shown how to observe brilliant effects of the same kmd from a 
large number of other metals 

(2) As the luminous vapour moves away from* the region of discharge, the 
rate at which different constituents in the spectrum die out is not always 
the same Thus, for instance, both the subordinate senes of lines in the 
sodium spectrum die out at the same rate, but the principal senes dies out 
more slowly. The Imes belonging to any given senes always die out at 
the same rate, but another senes may or may not die out at the same rate 
as the first 

(3) In some oases the glowing vapour distilled from the arc shows a baud 
spectrum The alkali metals show a continuous band beyond the Umit of 
the subordinate senes like that seen in absorption in the hydrogen stars 

The present instalment of this investigatioa deals only with expenmental 
methods of observing the luminous jets of metalhc vapour distilled from the 
arc and their more obvious features. In the next I hope to discuss the 
effect of an electric field in quenching the lummosity, and the inferences 
which can be drawn from the observations generally as to the ongm of the 
ladiation and its various spectroscopic constituents. 
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On a Type-read%ng Optophone. 

By E, E Fouknikr d^Albe, DSo (Lond and Birm.) 

(Comiuiuiicated by Sir Oliver Lodge, F,R.S. Beceived May 2, — Read 

May 28, 1914 ) 

The production of sounds directly or indirectly due to the incidence of 
light IB the geneial function of instruments of the type of Graham Bell's 
photophone An instrument designed to solve the more special problem 
of substituting the sense of hearing for the sense of sight is more appro- 
priately termed an optophone/' 

Having concerned myself for a number of years with this special problem, 
I described in 1912 an instrument which enabled sightless persons to locate 
bright lights or brightly luminous objects by means of the ear, and to 
discover shadows intercepting the light* This result was obtained by 
putting two selenium preparations into two arms of a Wheatstone bridge, 
sending the galvanometer curi*ent tfirough a telephone, and interrupting the 
current by a clockwork interrupter A disadvantage of the method was that 
the action of the light was not mstantaneous 

This disadvantage was eliminated in the readmg optophone " described 
m 1913 1 The audible telephone current was pi-oduced by intermittent light 
of various musical fretiuencies, and by using 8 such frequencies, emitted by 
dots placed in a row, it was found possible to read transparent letters about 
5 cm high by learning to recognise the characteristic sound of each letter 
In ordei to adapt this experimental instrument to the reading of ordinary 
letterpress by means of the ear, three further modifications were necessary 

(1) The length of the line of luminous dots had to be reduced from 5 cm. 
to about 1 5 mm , the size of ordinary type , 

(2) The light had to be used after diffused reflection by the printed surface , 

(3) The seiiBitivenesB of the telephone arrangement had (as a consequence) 
to be greatly augmented. 

These modifications have now been made, and an instrument has resulted 
which should, with some practice, enable totally blind persons to read 
ordinary books and newspapers through the sense of hearing 

* ^Phyaikahsche ZeiUehnft,’ vol 13, pp 942*843, Oct 1, 1912 The matrument was 
^ewn at the Optical Ocnveation of the United Kingdom, at South Keneingtoni ott 
June 26, 1912. 

t ‘The Electrioiaii,' vol 72, pp 102*193, Oct 24, 1913. The instrument was shown m 
aotioii at Birmingham University, on the occasion of the maebiig of the Bntish 
Association. 
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On a Type-reading Optophone. , 

It consists of a small siren disc S, illuminated by a straight N'emst 
filament N , an optical arrangement fo» projecting an image of the hne of 
luminous dots f urmshed by tlie revolving disc upon the type to be read , a set 
of selenium or autimonite bridges exposed to the light reflected by the 
type, a Brown telephone relay connected with these bridges and the 
telephone receiver used for reading 

The optical arrangement consists of a nght-angled pnsm which directs the 
horizontal beam of light coming from the siren disc upwards through the 
short'focus portrait lens P on to the small aperture H in the flat slab upon 


H 



which the sheet of letterpress is laid face downwards The focal plane of the 
line of dots coincides with the upper surface of the slab and with the printed 
sheet 

The selenium bndge is placed as closely as possible to the print, and is 
perforated to allow of the passage of the incident light. 

The siren disc is driven by an electric motor or a tram of wheels actuated 
by a weight. Constancy of speed is desirable, but not absolutely essential 

When this is done, and a pnnted sheet is passed over the slab, the 
maximum sound is heard in the telephone when the paper exposed is white, 
and the mmimum when it is blaok The aetual sound heard depends upon 
the shape of the letter. The small line of dots, 1 6 mm long, is made to 
illuminate each letter in turn, the pnnt being moved steadily in the 
direction of the printed hne, which is at right angles to the lununous line 
of dots. The print is so adjusted that the line of dots just coven the 
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maximum height of the type used The dots should be at least eight in 
number, six for the body of the letter, covering the whole height of such 
letters as a and and one dot each for the upper portion of suoh letters as 
/and and for the lower portion ot such letters as p and g 

The note of each dot must be chosen so that it is easy to recognise its 
cmiwnoii (not its pi fJtence, as in the case of the reading optophone previously 
described) Good results have been obtained with a set of notes with which 
both concords and discords can be obtained, according to the letters exposed 
Such a senes of notes is the following g c' d' e' g' b' c" e" But different 
anangements may suit different ears 

A simple focussing device enables the operator to alter the length of the 
line of dots, and so adapt it to various sizes of t} 

It IS essential, in reading a line of typo, that the alignment bo peifect 
This IS ensurcnl by a sliding device on the reading slab 

I wish to thank my lecture assistant, Mr A E Vick, for his effective help 
in constructing the first working model of the instrument, and especially 
Sir Oliver Lodge foi the kind interest he has taken in the whole 
investigation 


Studies of the Processes Operative tn Solutions XXTX — The 
Disturbance of the Equihhnum t?i Solutions by Strong*^ 
and Weak'^ Interfering Agents 

By H. E Armstrong, F R.S , and E. E Walkkr, B Sc 

(Received May 7, — Bead May 28, 1914 ) 

In a recent communication of this senes (XXVI) * it was contended, that the 
change in the optical rotatory power ot an aqueous solution of fructose which 
18 produced by dissolving m the liquid a second substance, whether this be 
a salt or a non-electrolyte, is the consequence of an alteration in the propor- 
tion in which the two isodynamic forms of the compound are present in 
equihhnum. It was shown that substances such as the monhydno alcohols 
cause the change to take place m a direction opposite to that in which it 
t^es place when snbstauces such as sugar and salts aie Sdded: a similar 
antithesis has been observed in the course of these studies in numerous 

^ E. £ Walker, “Ihe Ihsturbanoe of the Equilibrium m Solutions of Fruotose by 
Salts and Kon-eleetrolytes/' * Roy Soc Froc./ A, voi 88» p. 846 (1918) 
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other caeee m which the mflnenoe exerted by interfering agents has been 
determined. ' 

To obtain suCBcient data for the diacusaiou of this pioblem, we have not 
only venhed the results previously put forward, by repeating the observa- 
tions and ehminating unsuspected sources of error, we have also measured 
the effect of a large number of sulmtances otbci than those used previously 

In making up the solutions, air corrections were apphed to all the 
weighings The rotatory power of the solution of the fructose used was 
detenmned, in each experiment, before adding the jnterfenng agent, os 
samples of the sugar varied in optical activity over a range of about 0 1 per 
cent Two 400 mm polanmeter tubes were used the lengths of these had 
been compared by observing the lotations produced when both were filled 
with the same solution of cane sugai , the readings differed by less than 
001 per cent All measurements were made at 25° C 005, in mercury 
green hght, with the polanmetei and ap^iaratus desonbod m Ko XXII of 
these studies The rotatory power was determined as soon as possible after 
adding the interfenng agent, as the optical activity tends to increase 
gradually, esjiecially in presence of the alcohols, usually the reading was 
taken 30-40 minutes after tlie temperature of the mixture was constant, in 
order to allow time for the completion of mutarotation, though m presence 
of large quantities of alcohol it was necessary to allow a longer interval to 
elapse, on account of the greatly reduced rate at which the change took 
place The rotation produced by the optically active substances which, were 
added was determined at about the same concentration as that at which they 
were to be used m oalouUting the specific rotatory power of the fructose 
in their presence, the assumption was made that the rotatory power of the 
added substauoe was unchanged 

The densities wore determined by means of density pipettes, the solution 
being drawn directly into these from the polanmeter tube immediately after 
the angular deviation had been observed The quanUty of interfenng agent 
referred to is in all oases the amount associated with 100 grm. molecular pro-* 
portions of hydrone (the fundamental molecule of water) and two molecular 
proportions of fructose, the volume of such a solution at 25° C being 2030 1 0 . 0 . 

Throughout the account, the difference between this volume and the 
volume of the same solution after the addition of the qaeoified^ount of the 
interfenng agent will be represented by AV. The significance of tiie other 
symbols that are used is as follows * — 

M is the molecular proportion of mterfenng substauoe Resent per 100 
molecular proportions of water , 



Stud%e$ of the Processes Operative in Sohtttons. 377 

/ 

A[«] IS the change in the specific rotatoiy power produced by the addition 
of M gramme-molecular proportions of the interfenng substance , 

n IS the number of atoms of oxygen present in the interfering substance. 


Table I* 



No of 




Interfering agent 

molecular 

proportions 

M 

AW 

A[a]/M 

AV/M 

Oaue «ugar 

1 

0 683 1 

-1 67 i 

- 2-64 

-818 6 

Fructose 

1 00 1 

-0 86 1 

-0 88 

111 8 

Methylfflucoeule (^) 

Dalcitol 

I 221 

-0 68 1 

-0 66 

187 3 

0 2486 

-0 37 

-1 49 

180 8 

Mannitol 

0 766 

-0 89 

-1 16 

130 a 

Qljoerol 

1 373 

-0 37 1 

-0 27 

71 8 

Metliaiiol 

3 8SO 

i 60 > 

0 46 

87 7 

Ethanol 

2 360 

1 09 

0 84 

63*0 

Propanol 

1 H 05 

2 13 

1 IH 

60 7 

Butanol (normal) 

1 496 

2 28 

1 m 

85 4 

„ (secondary) 

1 481 

2 47 

1-67 

86-0 

„ (tertiary) 

1 430 

2 21 

1 54 

86*0 

, (iBoprimary) 

1 483 

2 24 

1 61 

86 4 

Allylio alcohol 

2-000 

1 64 

0 82 

63 7 

Acetone 

1 607 

1 71 

1-06 

66 a 

Metliylethylketone 

1 278 

1 86 

1 45 

81 7 

Diethylketono 

0 603 

1 14 

1 89 

06 4 

Metbylal 

' 1 897 

1 90 

0-97 

70 6 

Paraldehyde 

0 771 

1 16 

1 40 

188 7 

Met'hylic acetate 

1 706 

1 -96 

1 14 

72 0 

Ethyuo acetate 

1 407 

1 49 

1 06 

88 0 

Bensylic alcohol 

0 4 HH 

0 16 

0 31 

100 9 

Phenol 

1 337 

-0 31 

-0 38 

86 6 

Cresol 

0 2775 

-0 01 

-0 04 

108 0 

Quinol 

0 930 

-1 31 

-1 41 

89 4 

Pyrogallol 

Sahcfn 

0 763 

-1 31 

-1 71 

96 0 

0 2127 

.0 44 

-1 88 

200 6 

Aootouitnle 

3 HOI 

3-06 

0 79 

48 1 

Fropionitnle 

2 883 

8 39 

1 19 

64 1 

Aoetamide 

2 616 

0 41 

0 16 

66 H 

Urea 

2 690 

-2 07 

- 0-78 

44 0 

Methylurea 

1 9 S 1 

-0 28 

-0 14 

62*4 

Ihinethyliirea (syznmetnoal) 

1 920 

1 27 

0 06 

81 6 

Biethylurea (nnsymmetnoal) 

1 498 

2 21 

1-47 

U 1 0 

Cl-lyoine 

Betaine 

2-000 

-3 68 

-1 69 

46 6 

1-018 

0 42 

0 42 

100 0 

Ajparagine 

Thiourea 

0 142 

-0 82 

-2 2 

107 2 

1 632 

-1 81 

-1 11 

66 8 

Salts — 





Oaloium chloride 

1-064 

-a 21 

- 8-04 

38*3 

Magnesium chloride 

1-064 

-2 18 

- 8-02 

20*4 

Ammonium „ 

2 110 

- 8-26 

-1 66 

86-76 

Hcthyhunmonium chloHde 

s«ooo 

-2 12 

- 1-00 

66 86 

Potassium chloride 

1-666 

-8 03 

- 1*96 

31*0 

,, bromide 

2-000 

- 4-28 

- 2-10 

86-7 

„ iodide 

1-968 

-4 86 

-2 22 

48*2 

Monopotaisium phosphate 

1-000 

- 2-73 

-2 78 

47*9 


1 000 

-1 86 

-1 86 

9-0 


4 Most of the v^ues in this table are means of two expenmeats, in which very nearly 
equal quantities of interfenng agent were used 
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The Tesults are recorded m Table I.* They serve broadly to justify the 
couclusioDB previously arrived at As before shown, two classes of effects 
are produced In the case of the monhydnc alcohols and most weak solutes 
the change in rotatory power is positive presumably such substances 
promote the formation of fructodextrose , not only sugars, iwlyhydric alcohols 
and salts generally (strong solutes) but also phenolic compounds and basic 
substances such as urea, tbiourea and methylurea (though not the higher 
ureas) and the glycinesf have the opposite effect on the rotatory power , they 
appear to promote the production of fruotolcevose. It is important to note 
that, whereas in all cases (except that of the two acetates) the effect becomes 
more positive as an homologous senes is ascended, an accumulation of 
oxygen atoms involves a change in the opposite direction (compare propanol 
with glycerol, phenol with qumol and pyrogallol) It is also noteworthy 
that isomeric compounds usually produce results which differ but slightly 
(Compare the butanols, dulcitol with mannitol, ben/ylio alcohol with cresol ) 
Nitrogen appears to have an effect similar to that of oxygen (compare acoto- 
nitnle and propionitrile with ethanol and propanol acetamide with urea) 

It IB not an easy task to interpret the effect produced on fiuctose in an 
aqueous solution by vanoua interfering agents, leading as these do presumably 
to an alteration in the proportions m whicli the two isodynamio forms are 
present in equilibrium, the change being sometimes in the one and sometimes 
in the other direction 

Since the previous communication on this subject was published, 
F P Worley has given an account of a most carefully conducted series of 
expeiiments with benxenesulphomc acidj (1 molecular proportion to 40 of 
hydrone) and the three sugars cane-sugar, glucose and fructose (one-quarter 
of a molecular proportion of each) in which the value of the siiecitie rotatory 

* The J^ 0 ct (if VartouB SvhHanret on tk$ Ilotatory Power of Olnooae m The 

itiflulte embodied m the following table, repreeentmg the effects produced on glucose, 
are of the some order as those obtained with fructose, though this sugar is much less 
sensitive than fiuctose 


Interfering agent 

M 

1/maW 

Methanol 

668 

014 

Ethanol 

. . 4*67 

0*20 

Propanol . 

. 3*65 

025 

Butanol (tertiary) 

2*83 

032 

Glycerol 

365 

017 

Glycine 

. . 8*00 

-016 


t It would seem that such subitances, though weak solutes, have a specific influence 
m virtue of thoir acid or bauc character, 
t These Studies, No. XXI, ‘ Boy. Sou. fcoc.,» A, vol._87, p. 555 (1812). 
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power of the sugar alone was determined and also that of the sugar in presence 
of the acid The values obtained were — 



Alona 

With aoid 

Dtffercnoe 

C»ne.Bugar 

78 28 

77 19 

1-09 

OIUOOM ' 

02 46 

61 29 

1 16 

FructoBO 

-104 40 

-108 66 

4 16 


In the case of cane-sugar, in which the possibility of an isodynamic form 
has not to be considered, as concentration has but little influence on the specific 
rotatory power, the alteration must be asc ribed to the formation of a cumjiound 
of the sugar with the acid which is of lower rotatory power than the sugar. 
Cane-sugar is composed of the more dextro-rotatory form of dextrose (the 
«i-form) and of fructodextrose botli “ radicles ” doubtless combine with acid, 
though perhaps to a less extent than when they are free presumably the 
amount of compound formed from a molecular pro|H>Ttion of cane-sugar would 
approximate to that formed from a molecular proportion of glucose together 
with the same quantity of fructodextrose 
The effects observed in the case of glucose and fructose— both of which are 
equilibrated mixtures— are doubtless the algebraic sum of the effects produced 
on their two isodynamic forms Judging from Glover's observation that the 
specific rotatory power of «-methylglucoBide is less affected than that of 
l9-mothylgluooside by salts, it is probable that the less dextrorotatory form of 
glucose (the /9-form) and fructoloavose both combmo with acids and salts to 
a greater extent than the forms of more positive rotatory jiower this 
greater tendency to combine would condition their formation m larger 
proportion in piesenoe either of an acid or of a salt 
The high value deduced by Woiley m the case of fructose appears to us to 
lend support to this view , from our own observations on the action of salts 
also we think that the increase m negative rotatory power of fructose is to 
be attributed mainly to the formation of an increased proportion of frncto- 
Iffivose rather than to the formation of a compound with the acid or salt of 
specially high negative rotatory power, 

Farther evidence that the greater affinity of fhictolaevose to metaihe salts 
is probably the cause which determines the change of eqmlibnum was 
obtained from experiments resembling those with alcohol desenbed m 
No XXVI, p 249 A solution of fructose having been heated to 26**, a 
weighed quantity of salt was mtroduoed and dissolved as rapidly as possible, 
the liquid being warmed to compensate for the ooolmg but never above 25** 
the solution was then introduced into the poUurimeter tube It was possible 
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to make the first observation three minutes after adding tlie salt A mean 
value of K was deduced by means of the equation 




1 


log 




To disturb the eqmhbnum of the solution, it was then heated to 80^ and 
quickly cooled to 25° the change in rotatory power was observed as before 
In the case of the two salts used, the coefficient found was the same 
whichever way the change was caused to take place, as shown by the results 
recorded lu Table II It is therefore probable that in the case of fructose 
the addition of a salt changes the equilibrium between the two isodynamic 
forma but in a direction opposite to that caused by the addition of alcohol 


Table II 


Potoasimn ohlonde, 1 556 nkolaouUr pro i| Putaaaiaui bromide, 2 000 moleoal» pro* ^ 
portioas (tee Table I) portioiii (see Table II) 

__ ! i . . _ . 



a 

K ! 


a 

K 


I 

HutaroUiion after displacement of equilibrium by addition of salt I 

1 




0 


1 0 



0 



i 3 

1 6 

1 0 

1 IK 

74 41 
•89 

75 24 

88 

56 

101 

084 

•092 

3 

6 

7 

10 

14 

73 90 

74 40 

72 

75 01 

28 

<087 

088 

-070 

•087 




19 

35 






41 



Maan 

•092 


Mean 

•084 


Mutarotation after dieplaoement of equilibrium by Ueat. 


i 

8 

5 

8 

I 

72 39 

78 45 

74 50 

75 14 

50 

•096 

•091 

III 

•076 

0 

8 

0 

9 

12 

es<06 

71 87 

78 17 

74 » 

7» 


1 

70 


16 

21 

76 17 

80 





58 



Mean 

•099 


Mean 

•088 
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Table III 


«06 “®o 
' 1 

1 a r«ij (calculated) 
M 

I ^ A [o] (observed) 


KCl 


2 17 

S 70 

8 2 

4*0 

3 03 

4 21 


If the total change «» — eto be calculated from the equation 


ao rotation at time of time of mue ing, 

-log — 22 =s K, first observation, 

„ „ end pomt 

The values of A[«(] deduced from those of »a—»o (Table III) approximate 
suibciently to the observed values of A [«] to indicate tliat the change is at 
least mainly due to the cause specified 

From the point of view advocated, the influence of fructose upon itralf — 
that IS to say the effect of concentration — is perhaps the moat remarkable of 
all the cases studied the fact that the negative rotatory power mcreases to a 
very marked extent as the concentiation is mcreased cannot well be explained 
except as the consequence of ati increase in the proportion of fructoleevose 
In the previous communication, it was contended that fructolawose forms a 
more stable hydrate than fructodextrose, the implication being that it was 
the more hydrated compound — if such be the case and it be formed in 
increasing amount as the solution is concentrated, it must bo supposed that 
the formation of fruotolmvosc is promoted by the tendency it has to combme 
with Itself — to polymerise — much os it is by the presence of a salt with 
which it can combine 

This explanation is that already arrived at in the previous communication 
and we see no other way at present of explainmg our results 
It appears logical to explain the action of all substances which increase 
the negative rotatory power of fructose m this way Salts and cane-sugar 
and also other substances which have a negative effect doubtless exetcise a 
dehydrating effect; this should promote the formation of fructodextrose, 
assuming that this form is the less hydrated , but if such be the case, the 
dehydratmg tendency of the mterfenng agent is masked and overcome by 
the tendency it has to combine preferentially with fructoltevose. 

The substances which apparently promote the formation of fructodextrose, 
as they have a positive effect, do so, it may be soj^posod, because of the 
dehydnting effect they exercise— not directly by themselves combining with 
hydrone but in virtue of their power, as hormones, of dissociating the water 
TOL. 2 B 
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complexes — thus rendering the water more greedy of hydrone {ef Part VI) — 
and also the hydrated fructultevose molecules such substances are to be 
credited with but slight power of combining either with the fructose molecules 
or with hydrone and they are far more active mechanically, by their interposi- 
tiou, than are the substances which 2>romote the formation of fructolsevose 
We may now consider the manner in which interfermg agents generally 
produce the effects vi e have drawn attention to specially in the case of fructose 

Emluaiton of the Effects Prodwed hy Interfering Agenis 

The problem is a very difBcult one, on account of its complexity, as the 
effects considered cannot well be otherwise than the outcome of a variety of 
adjustments though we are fully conscious that the solution offered can 
only be regarded as a first approximation, we venture to put it forward for 
consideration, to provoke further discussion of the issues, as these appear to 
be of consequence especially iii connexion with physiological phenomena * 
The one class of interfering agents includes all those neutial, soluble 
substances which can be classed broadly as hormmm — substances which 
difhise more or less readily through a difierential septum such as that with 
which the barley gram is provided and also promote diffusion of water into 
the gram the other class moludas both the strong electrolytes and sulistances 
such as the sugars, in fact anhormmes generally — t e materials which do not 
difhise through the differential septum of the bailey gram. It would seem 
to be probable that the special activity of the one class of substances (the 
hormones) is to be connected with them mobility in solution: that of the 
other class (the anhormones) with their relative immobihty 
The difference is not merely that which prevails between electrolytes and 
non>eIectrolytes, as sugar and salts produce like effects and as many weak 
electrolytes are to be ranged with the hormones Apparently, a wider 
generalisation is possible, inasmuch as the one class mcludes all substances 
having a strong affinity with hydrone — the fundamental molecule of water — 
with which substances of the other class — the hormones — have but slight 
tendency to associate. As the strong acids and strong bases are among the 
former, these^the anhormones^may be conveniently spoken of as " strong 
solutes ” whilst the other class— the hormones— may be termed wesJe sohtilss. 
It IB scarcely necessary to pomt out that the strong shade insensibly into the 
weak, in fact, that no hard and fast hnd of demarcatum is possible. 

It IS obviously important to arrive at an understanding of the mannur m 
which the two classes of substance affect the equiUbiium in a soluti on and 

* ty'. B. E. Annstrong, “The Properties <d Alcohol lu rotation to ite PhysMtoglcal 
Sitots,'' ‘ Journ Inst Browing/ voL 19, p. 518 (1813) 
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to explain the fact that, in some way, they produoe opposite effeots , this u 
particularly desirable in view of the special physiologioal activity of hormones. 

Throughout these communications, exception has been taken to the praotice 
of using solutions made up to a particular volume (volume-normal solutions) 
instead of using solutions in which the amount of solvent is maintained 
constant (weight-normal solutions). In the former case, no constant ratio is 
maintained between the mass of the solvent and that of tho solute, the 
quantity of the former varymg in amount according to the extent to which 
it IS displaced by tho solution ; in the latter, the only vanable introduced 
consciously is tho amount of substance dissolved per unit of solvent and 
in cases in which tho action of an interfenng agent is studied, the amount 
of the interfering agent is alone varied, that of the solvent and solute being 
kept constant. 

In the case of extremely dilute solutions, the two methods yield similar 
results within the limits of experimental error, as the mass of the solvent 
18 practically proportional to tlie volume of the solution In the case of 
concentrated solutions, however, alteration of the amount of solute in a 
given volume of solution is accompanied by a more or less considerable 
alteration of the amount of solvent in a given volume, so that there are 
at least two variables As it is desired to study the effect of the solute 
on the solvent and vwt- verad, it is essential that the proportions in which 
these are present be known therefore weight-normal solutions must be 
used. When this method is adopted, however, the volume of the solution 
varies as the proportions by weight of the constituents are altered, so 
that some part of the change observed may well be due to the variation 
in the volume distribution of the interacUug substances 

The question arises whether it be not possible, in some way, to make 
allowance for alteration in volume and mote generally to take into account 
the purely mechanical, screening action which substances have apait from 
the influence they exercise through their affinities ; this we have endeavoured 
to answer in the present communication. 

Taking into account the effect of alcohols and o^er substances on — 

(1) the rate at whidi cane sugar is hydrolysed ; 

(2) the conductivity of electrolytes ; 

(3) the solubility of salts in water; 

(4) the rate at which water enters mto the barley grain , 

(6) the rate at which Urea u formed from Ammcmio cyanate , 
it will be admitted, probably, that weak solutes (hormones) act mamly m 
virtue of die dissociating effect which Uiey exercise mechanically withm the 
qntem into vdiieh they are introduced. It might reasonaUy be expected 

2 1 2 
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that this mechanical effect would be proportaonal to the change in volume 
produced by the addition of the interfeni^ agents 

In the present communication, an attempt is made to separate the effect of 
an added substance into two independent components 

(1) a purely mechanical, diluent or screening effect which causes 
dmoaotim of the water complexes, of the complex molecules of the solute 
and of the hydrates of the solute , 

(2) an influence, opposite in effect to the first, proportional to the 
attractive powers or lesidual affinities of the admixed substances, promoting 
assoctahon in various ways 

Table IV 
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the change of rotatory power produced by the quantity of substance whidh 
causes an increase in volume of 1 o c in a solution of 2 gnunine>iDoleoti]ar 
proportions of fructose in 100 of hydrone 

In Diagram 1 this quantity is plotted against the number of grammes of 
oxygen in the quantity of intorfenng agent used nM/AV (see Table IV) 
Though the various points are not strictly in line, nevertheless, a very general 
relationship between the effect produced by a poraffinoid oxygen compound 
and the number of oxygen atoms it contains is obvious, A stroiglit Ime 
drawn between the points cuts the rotation axis at about +0 026 , this value 
may be taken as a first approximate expression of the effect which would be 
pioduced by 1 cc (apparent) of a substance free from oxygen 
A closer study of the diagram reveals the fact that all Bubstanoes 
(t e parafhnoid alcohols and sugars) he on a curve (the dotted Ime) rather 
than on a straight line This may mean* either that the activity of the 
oxygen vanes as the amount present is increased — or that the hydrocarbon 
radicle itself has a chemical activity which cannot be neglected — or still 
more probably that both of these causes are at work. It is, however, 
interesting to note that the curvature can be eliminated if the assumption 
be made that the methylene group has an influence just about one-thud as 
great as that of the oxygen atom 
If the ordinates are calculated from the expression 

M(10n+S»i') 

AV 

in which n' is the number of carbon atoms in the molecule. Diagram 2 
IS obtamed. The points in this diagram lie very near to a straight Ime and 
tlie value of the hypothetical substance havmg no residual affinity is raised 
to 0 037. It IB to lie noticed that water, which may be regarded as the 
lowest alcohol, now comes into line with the polyhydno alcohols , this is an 
important argument in favour of the view that carbon is m port responsible 
for the effect produced, as it is only when this is taken into account that 
water is brought into line with the compounds containmg carbon 
Using the value 0‘026 arrived at in Diagram 1 as Uie "volume-ooefificien^" 
the change in rotatory powers per gramme molecular proportion of substance 
added, viz A[«]/M is equal to 0026 AY/M— A, m which A is the residual 
affinity or chemical effect per gramme molecular proportion: whence it 
follows that 

A = 0026AV/M-A[«]/M. 

long M the change in rotatory power doee not exceed 8* or 4*, a quantity not exceeded 
in the obeerTetione we are diienuing (c/. Wenden, ' Bioohem. Zeit.,’ vol 80, p. 857). 
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By substituting 0 037, the value of the volume^Mietiioient omved at in 
Diagram 2, other values of A are obtained . but since these are obtained on 
the assumption that carbon has a value eiiual to about one-thud that of an 
oxygen atom, this value must first be subtracted before the variation of A 
can be correlated with the number of oxygen atoms in the molecule 

A = A' -f- 0 23 w' = ^ (0 037 AV- A [«]) 

The coefficient 0 23 n chosen by trial, approximately one-third the mean 
value of A'/n 

Injivtncc of Oxygen Compounds 

In Table V are given the values of A found in the case of a senes of 
parafBnoid oxygen compounds It will be noticed that these values differ 
considerably in tlie case of different compounds on dividing them, howevei, 
by the number of oxygen atoms in the molecule, approximately constant 
values (column 5) are obtained in other words, the chemical effect is 
approximately proportional to the number of atoms of oxygen in the 
molecule Though only another way of expressing the result arnved at by 
means of Diagram 1, this has the advantage that it is applicable to substances 
containing radicles other than' oxygen Tlie two compounds in which the 
dejmrture is gieaiest are all>hc alcohol and methylio acetate, the value in 


Table V 


loterfering 

subatanco 


Casa-augar 

P Methylgluooaide 

Fruotoae 

Duloitol 

Maomtol 

GHyoarol 

Methanol 

Ethanol 

Propanol 

Butanol (normal) 

„ (aeoondwy) 

„ (tertiary) 

„ (uwpriniaiy) 
AllyUealaohol 
Acetone k 

Methylethylketone 
Diet&lketona 
MethyUl 
Paraldehyde < 
Meil^lio acetate 
Ethylio I 
Water 


1 0 02aAV 

^2] 

A 

Ia 

Ia' 

1 M 

' 



n 

n 

1 fi (3 

*2 64 

8 17 

0 74 

0 71 

1 8 67 

-0 66 

4 13 

0 60 

0 67 

2 SL 

-0 89 

3 70 

0 82 

0 61 

4 18 

-1 40 

4 62 

0 77 

0 78 

3 13 

-1 16 

4 20 

0 7 i 

0 70 

1 87 

-0 27 

2 14 

0 71 

0 74 

0 08 

0 49 

0 58 

0 68 

0 72 

1 40 

0 84 

0 56 

0 66 

0*70 

1 81 

1 18 

0 88 

0 68 

0-71 

2*22 

1 40 

0 78 

0 73 

0 76 

2 21 

1*67 

0 64 

0 64 

0*66 

2 21s 

1 54 

0 70 

0 70 

0 74 

2*22 

1 61 

0 71 

0 71 

0 78 


0 82 

0 84 1 

(0 84) 

(0 86) 

1 72 

1*06 

0*66 

0 66 

0*70 

2 12 

1 46 

0 67 

0^7 

0 66 

3 51 

1 89 

0 63 

0*62 

0 68 

2 07 

0*07 

1 10 

0 66 

0 64 

{ 3 10 


1 TO 

0 67 

0 68 

1 1 87 

1 U 

0*73 

0 87 

0 42 

2 20 

1 06 

1<23 

0-01 

0*64 

. 0 47 


0 47 

(0 47) 

0 66 
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the former case being high and in the latter low that of the acetate le the 
more remarkable departure, as the ethylic salt afiords a '' normal” value. 
The high value given by allybc alcohol is undoubtedly to be connected with 
Its ethenoid structure 

The values obtained on using the more complex hypothesis, vi/ , that the 
carbon has an effect equal to about one*third that of the oxygen atom, are 
given in Column 6, A' being the value arrived at by making allowance for the 
number of carbon atoms present The values deduced for alcohols, on this 
hypothesis, are more nearly alike, most of them lying between about 0 70 
and 0 75 

Table VI contains the values of A deduced m the case of several benzoid 
compounds The apparent influence of the benzene ladicle is evaluated by 
subtracting 0 65 n, the mean value of an oxygen atom (Table Y) for each 
oxygen atom present in the molecule It is obvious that the phenyl group 
has a very special influence, either directly or indirectly 


Table VI — Values of A for Benzeaoid Compounds showing the Influence of 

the Benzene Complex 


Interfering agent 

1 0 026AV i 

L_ i 

A[a] 1 

AV 

1 

A 

1 

1 " 

1 

! A-O 66» 

1 

BenxyUo alcohol 

2 62 

0 81 

2 31 

1 

1 1 ^ 

Phenol 

2*26 

-0 88 

2 68 

1 

1 2 0 

Oreeol 

2 68 

-0 04 

2-72 

1 

2 I 

Quinol 

2*32 

-1 41 , 

3 78 

^ 1 

1 2 4 

Fyrogallol 

2 60 

-1 74 

4*24 


2 3 

Baliom 

6 24 

-2 06 

i 

7 80 

7 ' 

' 2 

* If 0 09, the moan value of A/a in sugare and hexahydrio alcohols, be need, the value for the 


boazeiw ndiole in ooluixm 6 is reduced to 2 2 and so made more nearly compatible with the 
others 

In dealing with the nitrogen comixmnds and certain benzene derivatives 
the second hypothesis will not be taken into account 

Infl'iitnct of N^4,Togm Compounds. 

The values of A deduced for a senes of mtrogen compounds (Table Yll) are 
of interest as showing that, as observed in the case of other properties, the 
effect* of this element is far less " constant than that of oxygen The effect 
of the nitrogen in the two nitnles is about the same , urea has about the same 

* The apparent effect of the nitrogen atom is obtained by subtracting 0 * 65 n from A 
and dividing by the number of nitrogen atoms in the molecule See last oolomn, 
l^ble VIII 
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value aa acetamide, which presumably contains nitrogen in the same form of 
combination. The values of the substituted ureas, on the other hand, are 
lower, methylurea being lower than urea and dimethylurea still Towei In 
glycine, betaine and asparagine, either nitn^u or oxygen must have 
abnormally high values * it is noteworthy that, just as the value of A in 
urea is reduced by the substitution of the amido hydrogen by methyl, so is 
the corresponding value of glycine reduced by the substitution of the atoms 
of hydrogen attached to nitrogen, it is reduced by a little more than the 
difference between urea and unsymmetrical diethjlurea Obviously these 
diffeiences invite further enquiry 


Table VII 


Interfenng nubctanoe 

1 

1 

0 oscaV 

M 

At«] 

M 

A 

Value < 

1 of oxygen ' 
(aesumed) i 

4 

1 

1 

A-0*66a 

1 

1 

Aoetomtiriie 


1 25 

0 79 

0 46 

' 

1 

i ® "1 i 

Propioniinla 

1 

1 66 

1 10 

0*47 


1 

' 0 47/ 

Aeetamtde 


1 46 

i 0 16 

1 29 

0 65 

1 

0 641 

Urea 


1 17 

-0 78 

1 95 

0 65 

2 

0 65/ 

Kethylurea 


1 62 

-0 14 

1 76 

0 bS 

2 1 


Ihmethjlurea 

(»ym 

2 12 

. 0 66 

1 46 

0 66 

2 

0 41 

metno) 








Diethjlurea 

(aaym 

2 89 

1 47 

1 42 

0 66 1 

2 


metric) 





i 



Olyoiae 


i 1 18 

-1 50 

2 77 

1 8 1 

1 

1 47 

Betaine 


2 60 

0 42 

2 18 

1 8 

1 

0 88 

Afl|Miragine 


2 79 

-2 2 

60 

1 05 

2 

1 5 

Tmonrea 


1 45 

-1 11 

2 60 


2 






- 


- 


- 


Jpfuenee of Salts 

The results obtained with a number of haloids and with the tiivo phosphates 
are given in Table VIII The marked difference between the \alues of A in 


Table VIII — Values of A calculated foi vanous Inoiganic Salts 


Interfering agent 

•Oseav/M 


A 

Magnennm ohlonde 

0*68 

-2 02 

2 66 

Oaloium chloride 

0 74 

-8 04 

8 78 

Ammonima chloride 

0 96 

-1 66 

2 61 

Hethylammoiiiiiin chlonde 

1 44 

-1 06 

2 60 

Botacciiiim ohlonde 

0 81 

-1*96 

2 76 

: JaS** ■ 

0'e6 

126 

-2 10 
-2 22 

8*06 

8 47 

Duodlum phoephate 

0*16 ! 

-1 86 

1 61 

Monopotaerium phoaphate 

1-24 j 

-2-78 

8 07 
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the case of the three potaseium salts is in accordance with the view generally 
held that the residual affinity of salts depends chiefly on the acid radicle, 
though this IS influenced by the metal, as shown by the difiereuce between 
magnesium and calcium chlondes The considerable dilTorences between 
ammonium and methylammouium chloride in the values of A[a]/M and the 
close similarity of the values of A are indications that the difference is chiefly 
due to the volume effect of the methyl group 


Pi ecipxtatwn of Salts, 

It now remains to be seen how far the conception of the existence of two 
opposing forces can be used to explain other eflects of dissolved substances on 
solutions 


Table IX — Values of A and A/91 calculated from the Effect of various 
Substances on the Solubility of Putassium Chloride in Water 


Interfering agent 

M 

10 log, ^ 
0| 

aV 

lOA 

H 

10A/« 

011100110 

1*00 

0 36S 

121 1 

3 90 

6 

0 66 

Mannitol 

0 215 

0 008 

26 8 

3 79 

6 

0-68 

Glyoerol ! 

0 26 

-0 027 

17 6 

1 94 

8 

0 65 

aiyool 

, 1 00 

-0 237 

51 1 

1 29 

2 

0 65 

Methanol 

3 00 

-1 164 

98*9 

0 56 

1 

0 65 

£thanol 

2-00 

-1 809 

B8 6 

0'67 

1 

0 67 

Propanol 

1-00 

-0 966 

64 5 

0 67 

3 

0-67 

Paraldehyde 

0^33 

-0 127 

8 7 

X 6 

8 

0 58 


Si «i tolabilitv of potaMinm chloride* 

Sa •» solubilifc/ of potasBium ohlonde in preienoe of interfenng agent 


The equilibnum between a solid salt and its aqueous solution may appear 
to be very different from that of two isod3manuc forms of fructose* neverthe- 
less there are points of similarity lit the problem. The equilibrium in a 
saturated solution may be represented thus: — 

Salt (Hs0)2t::;Salt4‘xH,0, 

a piooess which has something m common with the convemou of fructose into 
a less hydrated form The case is complicated, however, by the fact that the 
quantity of salt in solution varies at the same time as that of the added 
substance The extent of the influence due to tois variation is not known : 
the assumption may be made, however, that its magmtude is proportional to 
tlie change in oouoentration so long as this is small. We may therefore 
write — 


A « ^(OAV+AS+C'AS), 
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m which A S IS the increase or decrease m solubility, C' a constant depending 
on the magnitude and sign of the influence referred to above. 

It IS obvious that the quantity G' affects C and A to the same extent and 
will not interfere with the relationship lietween them-— 


A 

1 + G' 


= 1/_C - 

M\l + C 


r,AV + As) 


or A" = :1(C"AV+AS). 
M 


and therefore need not be expected to have a very great influence 

AS can only be used for very small percentage changes in solubility 
Kothmund has shown* that the influence of a substance on solubility is 

g 

approximately proportional to the logarithmic function, log this has 

been used m calculating the values of A given in Table IX from data supplied 
by Annstrong and Eyret The value 0 030 deduced graphically has been 
assigned to C and values of A calculated according to the equation * 

A = l(0 0031AV-|-log.|) 

The values show that a general relationship exists between the values of A 
and the number of oxygon atoms in the molecule 


The Hydtolym of Cane-mgai 

Whilst neutral salts increase the rate at which cane-sugar is hydrolysed, 
alcohols, as Caldwell and Worley have sliown, have the opposite efiPect In 
such a case, as changes may take place in the catalyst as well as in the 
substance which is changing, the velocity at which a chemical change takes 
place IS subject to the action of a number of factors in excess of those by 
which a change in the equilibrium of two isodynamic substaiices is influenced 
nevertheless, it is clear from Caldwell’s values that the influence exercised by 
lactose, glucose, glycerol and ethylio alcohol is of the same order as that which 
these substances exercise on the solubility of salts and on the equikbrium of 
the two forms of fructose. 

The chief difficulty that aiises in attempting to evaluate their influence is 
to decide on a method of expressing the mcrease or decrease in the rate of 
hydrolysis when this is a large percentage of the whole change, in default of 
further knowledge, the following expression has been used - 

A.i(00O21dV-^') 

Ki Velocity coefhoiont in absence of interfering agent, 

Ks s „ „ m presence of „ 

* Phys, Chem vol 68, p 528 
f 'Proc. Boy 8oc.,’ A, vol 78, p 566 , voL 84, p 123 
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This has been applied to the data given hy Caldwell The results, though 
few in number, tend to show that the two opposing forces contemplated are 
at work govermng the rate at which the chemical action takes place Values 
of A, gmng C the value 0 021, are shown in Table X 


Table X — Values of A of various Substances calculated fiom their Effect 


upon the Bate at which Cane-sugar is Hydrolysed by Chlorhydric Aud 


Iriteifonng agent 

M 

AV 

0-081AV 

K, 

lOA 

n 

lOA/n 

Lactose 


no 6 

2 82 

0 00 

4 64 

11 

42 

Q-lucose 

1 

120 2 

2 68 

0 le 

2 68 

6 

46 



67 1 

1 20 

0 09 

2 68 

6 

48 

Q-lyoerol 

1 

76 8 

, -1 69 

1 -0 40 

1 10 

8 

87 

Alcohol ^ 

1 

60 8 

< 1 26 

-0 84 

0 42 

1 

42 

(NH4)C1 

1 

44 4 

0 93 

8 oe 

8 99 



KOI 

1 1 

.11 S 

1 0 66 

8 87 

8 93 



NaOl . 


18 8 

0 39 

. 4 47 

4 86 



BaOl, 

1 ' 

83 6 

0 70 

' 0 28 

9 98 




Velocity of Chemical Action in Various fiWw’iite.-- Patteison and Mont- 
gomerie* have collected a number of cases in which the velocity of chemical 
action has been compaied in different solvents On account of the regulanty 
of the order m which solvents are active in various cases, it is at least 
probable that their residual afhnity plays an important part. 

Values of AM/AV, reduced to that of methylio alcohol as unity, ore given 
in the first column of Table XI 


Table XI 


Solvent 

A ^ 
AV 

Menchutkin 

Patterson and 
Montgoraene 

Methanol 

1*00 

1 00 

1 00 

Bthanol 

0 74 

0 71 

0 90 

Propanol 

0 04 

— 

0 82 

Butanol 

0 69 

0*60 

0 40 

AUylio alcohol 

0 96 

0 84 

0 76 

BenajUo alcohol 

i 

1*04 

2 69 

1 62 


This quantity is practically the " amount “ of residual afimity per cubic 
centimetre The values in columns 2 and 3 are the velocity coefficients 
reduced to that of methylic alcohol, m the case (A) of the interacdon of 
tnethylamme and ethyl iodide (Menchutkm) ; (B) of the transformation of 
syn-anisaldoxime into anti-anisaldoxime (Patterson and Montgcnnerie). 

* ‘ Trana Ohem 8oc ,* voL 101, p S4 (191S) 
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The similarity between Menchutkin’s values and those in the first column 
IS striking Patterson and Montgomene's values are not so closely in agree- 
ment with those calculated, though the order, excepting m the case of allylic 
alcohol, comes out the same 

Taking into account the results anived at by applying our method to a 
variety of interactions very different m character, m view of the broad 
agreement with the hypothesis cousidmred, we venture to think that it has 
been justified and that the discussion will serve to overcome the reluctance 
with which weigh t-nornial solutions are used 

Senter, m a lecent reference to certain communications of this senes of 
studies, criticises the use of such solutions while admitting that the method 
has conjidorable advantages, he states that it has one senous disadvantage 
from the point of view of the kinftir theory Taking the case of the hydrolysis 
of cane-sugar as an example, he asserts that the mean free path of the 
interacting inoleeules depends on the total volume and that, other things 
being equal, the velocity of interaction must depend therefore on the total 
volume 

We have difficulty in understanding this argument and its application to 
our work If it be desired to study the effect of a third substance C on the 
interaction of A and li in Solution in some liquid, without varying the pro- 
portions of A and K to the solvent, so that there may be only one variable, 
no other method is possible than that of merely adding the desired amount 
of G C then exercises a certain screening effect and would equally exercise 
the effect whether the solution were made up to a definite volume or by 
weight Our desire in this communication has been to contrast the effect 
produced by Uie substance as a mere screen with that which it exercises in 
other ways, so that we might be in a position to form an estimate of the 
“ chemical ” efiects produced by venous substances. 

The results obtamed by means of the method appear to justify the 
conclusion that m the case of the homologous alcohols, for example, when 
allbwance is made for the screening effect they exercise, their rooleculur 
chemical activity varies but slightly throughout the series, moreover, that 
the activity per atom of oxygen in related paraffinoid compounds is praotioally 
the same. It seems to us, therefore, that we have devised a method of 
treatment by means of which many diverse phenomena manifeet in solutions 
may be correlated 
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Similarity of Motion m Relation to Hie Surface Fnction of 

Fluids. 

By T E Stanton and J. R Paknell 

(Communicated by B T Glazebrook, FBS Keceived December 12, 1913, — 

Bead January 29, 1914 ) 

(Abetiaot ) 

Tlie paper deals with an exjioumental imestigation of tlie Biimlarity of 
motion in fluids, of widely diHerent viscosities and densities, iii motion 
relative to geometrically similar surfaces, the existence of which has 
been predicted from considerations of dynamical similarity by Stokes,* 
Helmfaoltz,t Osborne Beynolds,t and Lord Bayleigh § 

The theoiy in its most general form may be expressed by the relation 
given by Loid Bayleigh 



where B is the resistance per unit area of the surface, p the density of the 
fluid, V the volooity, L a linear dimension of the surface, p the kinematical 
eoeflioient of viscosity of the fluid, and the assumptions made in the 
derivation of the expression are that H depends solely on p, L, v, and v 
The method of experimentally demonstrating the sufficiency of these 
assumptions has been by a determination of the surface fnction of air and 
water flowing through smooth pipes of varying diameters and with as great 
ranges in velocity as possible, and so obtaining values of the conditions for 
similarity of motion, which is that for the same values of vdfp in either fluid 
the values of should be identical 
The experiments show that this condition is fulfilled m the case of 
commercially smooth brass pipes with considerable accuracy through a 
range in the value of vdfv of flrom 2500 to 430,000 To obtain this range 
with the comparatively small diameters of pipes used, mean velocities of 
flow up to 6000 cm per second have been reached. 

From these data it has been possible to investigate the limits of accuracy 
of the well-known index law of the resistance of fluids, R « k«*, which 

* ‘Mathematical and Physical Papers,’ voL 8, p. 17 
t ‘Wissenschafthche Abhandlungen,* vol 1, p 168. 

} ‘Phil Trana,’ 1883, p. 886, 

S ' Phil Mag.,' 1899, vol, 48, p 381 , ’ Report of Advisory Oonnittee tor Asronauties, 
1908—1910, p. 88. 
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was found bj Osborne Beynolds to express the resistance with fair accuracy 
from vdjv = 2500 (at the critical velocity) to vdfv = 80,000 The authors’ 
experiments confirm this conclusion, but show that, when the range is extended 
to vdJv = 430,000, the index law fails when applied to the whole range 
The paper also contains an expeiimental determination of the variation 
the ratio of the mean velocity to the maximum velocity of fluids in pipes 
through a range m vd I v from 2500 to 72,000, and shows that the ratio is not 
constant, as has been supposed, but is a function of vd/v 


The Influence of Molecular ConsMutwn and Temperatui'e on 
Magnetic Susceptibility. 

By A E Oxley, B A , M Sc , Coutts Trotter Student, Trinity College, 

Cambridge 

(Communicated by Prof. Sir J J. Thomson, O M , F R S Received 
December 17, 1913, — Read January 29, 1914 ) 

(Alistract ) 

On the hypothesis that the molecules of liquid and crystalline substances 
are distorted by the forces exerted on them by the surrounding molecules, it 
may be expected that the transition from the liquid to the crystalline state 
will bo accompanied by a change m the specific magnetic property of the 
substances to an extent dependent upon the nature of an individual mole- 
cule and its gioupiiig with other molecules* If this change of specific 
diamagnetic susceptibility be noted by we may write 

where Xt B&d speciho susoeptibiliiaes of the crystals and the liquid, 

and AM« and AM{ are the diamagnetic moments mduced m a distorted 
molecule of the orystallme and liquid states, respectively, by the appheafoon 
of a magnetic field H N is the number of molecules per gramme of the 
substance. 

In the present investigations, about 20 organic substances, most of which 
$re of an aromatic nature, have been examined and the results are recorded 
in Part I of the mam communication. 

A large number of experiments have been made on the variation of the 
speoifio susceptibility (x) over an interval of temperature ranging frbm 
* 8ss *Oamb. Phil Boo. Proo..’ vol 18, p. 486 (I91t) 
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— ISO'^C to 200° C. For details concerning the method of expenment and 
the eliuunation ot enors due to disturbing sources reference is made to the 
main paper 

It has been found that the Cuiie law of constancy of dia m agnetism holds 
for most of the substances, to within the limits of experimental {error, pro- 
viding there is no appreciable change of Molecular constitution with variation 
of tempeiature. During the transition from the liquid to the crystalline 
state there is an appreciable change of x> which amounts with benzene deriva- 
tives to 5 per cent (approximate) of the susceptibility Nitrobenzene is 
exceptional and gives an abnormally laige value of ^xfx substance 

does not crystallise but passes into a super-cooled liquid or jelly state, the 
value of dx is too small to be detected This jelly state was obtained with 
many of the compounds examined 

This result is in accordance with the observations of M Chaudier,* who 
has investigated, for these same substances, the variation of the magnetic 
rotatory power which accompanies the passage from the liquid to the crystal- 
line state According to Chaudier the magnetic rotation of the super-cooled 
liquid or jelly is the same as that of the liquid above the normal fusion point , 
blit if the substance crjstallises the rotatory power disappears completely 
With benzopheuoiie a complete hysteresis loop with respect to temperature 
has been obtained, similar to those discovered by the late Prof Hopkinson in 
the case of nickel-steels The fusion pomt of the diamagnetic crystals 
corresponds to the critical temperature of the nickel-steel and the heat of 
formation of the crystals in the fonnei case to the heat evolved (recalescence) 
at the ciitical tempeiature of the nickel-steel. 

The general results are considered in coimeotion with our knowledge of 
crystal structure, with which they are consistent if the appearance of the 
crystaliine state implies a small deformation of the molecules 
It appears tliat the diamagnetic property of substances is complex and very 
similar to the magnetic property possessed by ferro-magnetic substances 
above and below the cntical temperature The only difference between the 
two tyjies of phenomena is due to the nature of the magnetic moment 
associated with an individual molecule and by the vanation of which the 
changes of molecular constitution are disclosed 
In Part II a theoretical interpretation of the effects which have been 
ob^vedis given The electron theory of magnetism developed by llLangevinf 
for the gaseous state is extended by taking into account the mutual forces 
between the molecules of the liqmd and orystaUiae states. These forces 

* ‘Compt Bead voL IM, p. IMS (1019). 
t ' Ann de Chun, et de Phys ,* edr. rm, rcL 6, p, 70 (1006). 
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produce a polansation effect in every molecule, and if Ug and aj are the 
polarisation constants of the crystalline and liquid states respectively, then, 
interpreting the distorting forces niagnetaoally, it has been shown that 

X H 

where ai AH is a small adjustment of the applied magnetic held, H, due to 
the alteration of the self-induction of the electron orbits which accompanies 
an exceedingly small defoimatiou of the molecules of a substance m the liqmd 
state, and </« AH is the corresponding adjustment associated with the 
crystalline state 

uj IB of the order 1/3 and is negligible in comparison with Og, which is at 
least of the order 100 and probably is much greater This minimum value 
of ttg was deduced from Chandler's oliservation that the magnetic rotatory 
power of aniline, benzene, and nitro-benzene disappeais completely on 
crystallisation The relatively small value of for the liquid state is due 
to an average polarisation effect produced by the random distiibution of 
orientations of the surrounding molecules, whereas the value of Og for the 
crystalline state depends upon the fact that the surrounding molecules are 
definitely orientated with respect to any particular molecule 

The large value of Ug leads at once to the representation of the change of 
X when the substance crystallises as due to a mean molecular field in the 
diamagnetic medium, which tabes the place of the effects produced by the 
mutual forces between the molecules, and which may be written in either of 
the forms 

Ag . AH, 01 Ag' H AM p, 

where K AM p is the intensity of magnetisation of the substance, AM bemg 
the diamagnetic moment induced in the molecule and p the density of the 
substance This is analogous to the mterpnitatiou, given by M Weiss, of the 
mutual influences of the molecules of a ferro-magnetio substance by means of 
a molecular field Nl* where 1 is the saturation uitousity of magnetisation of 
the ferro-magnetio substance and N is tlie constant of the ferro-magnetic 
field The order of magnitude of Ug and N is the same, and this leads to the 
conclusion that the loecU molecular field in diamagnetic substances (at least 
tliose substances which have been examined) is comparable with the molecular 
field in ferro-maguetio substances Such a large local molecular field would 
oooount for the rigidity of orj'stal structure in general 
Several extensions of this work have been completed and the conclusions 
which have been obtained are m haimony with those already described. I 
hope to publish an account of these extensions soon 
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On the lon%8at%on of Gases by Colhston and the Ionising 
Potential for Positive Ions and Negative Corpuscles 
By W I Tawlow 

(Communicated by Prof SirJ J Thomson, O M , F B S Received March 11, — 

Bead May 21, 1914 ) 

The object of the preisent research was to investigate the ionising properties 
of positive lonsnsing a direct method, and to tty experimentally to determine 
the minimum energy which is necessary for a positive ion to produce fresh 
ions by collision with a gas molecule At the same time it appeared to 
be of interest to measure the ionising potential for negative coiiiuscles 
under expenmental conditions somewhat different from those previously 
adopted 

§ 1 Pescnpiion of the Apparatus 

The apparatus in the present investigation was used in two forms, repre- 
sented in figs 1 and 2 The part common to both foims consists of two 



i 


pieces of glass tubing, A and B— A, 35 cm in diameter, B, a little less — 
the latter being blown out to a slightly spherical form, as shown in the 
diagram The joint at C was made air-tigbt witii sealing wax. By this 
means it was possible to take out the lower part very easily — a process 
which was very often necessary m order to renew the platmum stnp P, 
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or to cover it with a fresh salt la the narrow upper part of the tube A 
a brass rod was sealed with a round brass plate £ at its end. This rod 
was insulated and surrounded by a brass tube connected to earth, to prevent 
it acquiring a charge from the glass The plate E was used as an electrode 
to measure the ionisation, and was connected to a Wilson’s tilted eleotrosoc^ 
adjusted to a sensitiveneBS of 80 divisions per volt The ionisation chamber 
was a wire-gauze cyhuder D, through the open top of which passed the 
electrode £. The sides of the cyhuder were made of brass gauze and the 
bottom of platinum gauze, which was fixed in clamps at the end of a brass 
rod which passed through a side tube and whidi held the cylinder in its 
proper position The platinum strip P was of thin foil, 2 cm long and 1 mm 
wide It could be heated electrically by means of the thick copper leads G 
and H, the current being supplied from a battery of six accumulator cells 
connected in parallel and regulated by wire resistances The heating ciicmt 
was insulated The copper leads G and H were covered with glass m order 
to make them moi-e rigid and to keep them cool These glass tubes and the 
leads themselves were sealed into two tubes joined to the spherical part of 
the lower tube. The tube B could be adjusted at the joint C, so as to fix 
the strip P at any distance from the bottom of the cylinder D 

The second form of apparatus differs only in having in the upper tube an 
additional side tube through which passes a brass rod holding a platinum 
gauze B, as shown diagrammatically in fig 2 The gauze is paiallel to 
the bottom of the cylinder, and is placed between the latter and the 
platinum stiip P The distance between the plate E and the gauze D in 
tlie different experiments was changed from 4 to 5 cm The distances 
from U to K, and from B to P, varied from 1 to 2 6 mm m different 
experiments The wide tube connecting the apparatus to the gauge, pump, 
phosphorus pentoxide drying tube, and (diarcoal tube, was sealed into the 
upper part of the apparatus opposite the lomsotion chamber The platinum 
strip Itself served os a source of negative coipusoles In the experiments 
with positive ions the stnp was covered with a layer of sodium phosphate, 
which was formed as usual by evaporating a water solution of the salt by 
gradually beatmg the strip. Sodium phosphate was chosen as a very intense* 
source of positive ions In some of the first experiments alnminiom jdiosphate 
was used 

§ 2 HtgpvrmmkU ItmUU. 

The method used in these expenments is originally due to Lenardf and was 
apphed by him to the determination of the ionising potential for negative 

* F Borton, *Boy Soe. Proc,' A, vo] 88, p 1S8 (1818) 

f P Lenard, ' Ann der Phys ’ (4), vol 8, p. 188 (1808)k 
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cor^UBcles This method was subseqoently used by v Baeyer,* Dember.t 
and Franck and Hertz^ for the same^puxpose. 

The experimental arrangements in the first form of apparatus were similar to 
those used by Franck and Hertz {he et( ), m their investigatian of the ionising 
potential for the negative corpuscles, hat in the present case, ficnr the investiga- 
tion of the positive ions, tlie potentials were of opposite sign The platinum strip 
P was permaneiitly charged to a negative potential Yi volts, and the negative 
potential Ya volts of the cylinder D was gradually altered, hemg always greater 
in its numerical value than Yi The plate £ was initially connected to earth, 
tliuB the electric force between the strip and the bottom of the cylinder was 
directed upwards, while the force inside the ionisation chamber was in the 
opposite direction Hunng the observations the earth connection of the 
plate E was broken, and the electric charge obtamed by the plate was 
measured on the electroscope In these conditions the positive ions emitted 
by the heated salt first went through the accelerating field of (Yg— Yi) volts, 
and entering the ionisation chamber were subjected to a still stronger 
retarding field of Va volts which prevented them from reaching the upper 
electrode E The distance between P and 1) over which the accelerating field 
was applied was much smaller than the mean free path of the positive 
particles at the pressures used m the expenments. The distance between D 
and £ over which the retarding field was applied was, on the contrary, much 
larger than the mean fine path One of the necessary conditions of the 
experiment is to communicate the energy to the positive ions dunng their 
free path. If the only source of the ionisation were the heated salt, emitting 
positive ions, the electroscope ought not to show any chotge If, however, the 
positive ions, after entenng the ionisation chamber but before being stopped 
by the retarding field, came into collision with the molecules oi the gas and 
ionised them, the negative corpuscles thus produced would be earned by the 
field Yi to the electrode £ and would thus commumcate a negative charge to 
the electroscope As a matter of fact, the electroscope showed a strong 
negative charge, confirming the presence of earners of negative eleotnoily in 
the gas under the action of the positive ions By altenng the value of the 
potential Yi it was possible to investigate the change of the negative charge 
with the energy of the positive ions by which it was produced. In all 
subsequent values of the velocity of the charged particles, the fall of potential 
in the heated strip itself was taken into account One end of it had a 
potential from 1 to 2 volts higher than the other end and in all results the 

* O V Baeyer, ‘ Dsutaoh. Phya Oea Yerh vol 10, p 96 (1808) 

f H. Bember, ‘ Ann der Phya * (4), vol 30, p 137 (1909). 

I J. Franck and O Herts, ' Dental. Phya G«s Yerh.,’ veL 16, p 34 (1913) 
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velocity given oorresponda to the higher valtte of the accelerating field As 
an illustration ot the type of curves obtained, the values for H«, Oi, Nj 
observed at the pressure 0 008 mni are plotted m hg 3 The actual numbers 
weie reduced to the same scale so as to start from the same value of the 
ionisation at the point corresponding to the largest velocity used The curves 
are all of similar form and approach the axu of x asymptotically On the 
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same fig 3 the beginnings of the curves are plotted on a larger scale, showing 
that the curves for 0* and Ns seem to go down a httle less steeply than Hs 
curve It was of special interest to toy to find the point at which these 
curves cut the axis of m For this purpose the intensity of the souroe of the 
positive ions was increased by making the platinum strip wider, coating it 
with fresh salt and heating it very strongly. In this wsy it was possible to 
continue the curves to the a;>azis F^. 4 gives m example of the 
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results obtained with hydrogen for three vslnes of the heating current — 
(1)3 85 amperes, (2) 3 7 amperes, (3X3 6 amperes It clearly shows that 
the begiuuing of the curves actually depends upon the intensity of the 
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source of the positive ions and that it occurs m any case at a velocity lower 
than 10 volts 

One objection to the expentnental arrangement here described is that as 
the field accelerating the ions changed, the number of the emitted particles 
no doubt changed also,* and therefore the asymptotic form of the curves 
might be due as much to the deoreate m the number of the ionising 
agents themselves as to the decrease m the lomsing power of the positive 
ions with the decrease of their veloot^ In fact special measurements 

* 0 W Richardson, 'Phil Trans,’ A, voL 807, p 40 (1806), P Horbai, ‘Boy. Soo 
Proc,’ A, vol 88, pp 181, 187, 183 (1813) 
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have shown that, even at these low pressures (0 0005 mm ) and small distances 
(1 mm ), the thermionic current from platinum coated with sodium phosphate 
does not show complete saturation, the fiist branch of the curve passes 
gradually into the second, which nsea less steeply with the voltage In 
order to diminish this change m the number of positive ions themselves, and 
have a more constant supply of them which would not depend so much upon 
the accelerating field, slight alterations were made m the form of apparatus 
and in the method of observation 

The alteration is shown in fig 2 It consisted in introducing the platinum 
gauze 11 between the source of ions and the bottom of tho ionisation chamber 
Throughout the experiment it had a small constant difTerence of potential 
witli regard to the platinum strip and the accelerating force winch was 
clianged in the course of the observations was applied liebween the gauzes K 
and D This small constant difference of potential between the strip F and 
the gauze R might bo called, for bre\ity, "extiacting ” potential, to distinguish 
it from the difference of potential between li and D as "accelerating" The 
total energy acqiured by a particle is, of couise, equal to the sum of both the 
"extracting" and the "accelerating" potential There is no doubt that any 
oliatige m the "accelerating" potential would still have a slight effect upon 
the number of ions extracted fnun the stnp F, but it is in nny case much less 
than 111 the hrst form of appaiatus 

The results of the experiments performed with this arrangement confirmed 
those which had been alieady obtained The ionisation curves still preserve 
their characteristic shape, having the axis of x as asymptote 

In the course of the previous experimenis the negative potential of the 
ionisation chamber was gradually altered through the whole interval of 
voltage investigated With this arrangement the possible existence of 
negative corpuscles inside the ionisation chambei due to any extraneous 
causes must be oonsxdored If the aq^ual ionisation inside the cylinder 
does not depend altogether upon the velocity of the positive ions, but is 
partly due, for mstanoe, to some radiation emitted by the glass sides of 
the vessel under the impact of positive ions, or to some negative corpuscles 
* which for any reason, penetrate into the ionisation chamber, or to the 
dissociation of heated salt vapour, the curves obtained would still be of 
the same general type To avoid an error due to this possibility the 
following method of observation was adopted* — The ionisation chamber, 
% €. the cylinder D, was kept at the constant potential of — 207 volts 
during the whole time of observation. Only the potentials of the gauze B 
and the strip P were changed, the difference between the two bemg kept 
flxad, for instance, at 20 volts — the " extracting potentiaL Under these 
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conditions the only variable was the velocity of the positive ions between 
K and D The following table gives idea of an actual senes of obser- 
vations and shows tliat aii}' edects due to such extraneous causes as 
have been indicated would be too small to have any influence on the 
observations 


J^oteniial of the 

Potential of the j 

Potential of the 

Velocity of lona 

Tonieation current 

nnp V ' 

gauso B 
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in volte 

1 
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97 
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-207 

1 87 

93 
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-207 

77 

61 

-140 

-130 

-207 

67 

1 29 5 

-160 

-170 

-207 

67 

' 12 

-IfiO 

-180 

' -207 

47 

5 

-170 

-100 ' 

' -207 

87 

1 4 

-130 

-200 

-207 

27 

0 5 


§ 3 C(mpai mn of the lonisatvon. by PosUxoe Ions and Negatur Coi-pnacles 
The scheme described above was finally adopted for two purposes bi-st, 
to compare the ionising action of positive and negative carriers oi eleotncity 

emitted by hut salts and by boated platinum > 
secondly, to measure the ionising potential 
for the negative corpuscles under condition^ 
somewhat different from those used by 
Franck and Hertz* These expenmeuters 
found that the ionising poteutials for Ha 
and He are considerably different These 
gases were therefore used m the following 
research The hydrogen was prepared 
electrolytically and the helium by boiling 
powdered tbonamte m nitnc acid It was 
carefully purified from possible impurities 
by possmg it through tubes filled with 
charcoal and immersed m liquid air During' 
the whole experiment the apparatus was 
kept connected with the sune ebiheoal tube 
In order to be quite sure of the purity of 
the gas falling the apparatus at such low 
pressures, a small Gleissler tube was placed in connection with it The side 
tube F (fig 1) led to a large glass vessel S, of which the narrow upper part 
* J X^anok and Q Herts, foe at. 
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VB8 closed by a small capillary Geissler tube M By means of the movable 
mercury reservoir N winch was connected as is shown in fig 6, the gas m 
the vessel S could be compressed to a small fraction of its initial volume 
This was necessary, because at the pressures used in these expenments 
(0 01-0 001 mm ) a discharge sufficiently Inmmous to give a spectrum could 
not pass through the Geissler tube The gas after standing for some hours in 
the apparatus in connection with a charcoal tube gave a strong spectrum of 
helium , the hydrogen lines were very faint 

The curves 1 (H») aud 2 (He) of fig G represent the results of the 
observations, the “ extracting potential ’’ being 8 volts in this case, O refeis 
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to negative corpusoles, x to positive ions The mam difference between 
the curves of the type O aad the type x is clearly seen For negative 
corpuscles they are very nearly straight lines, cutting the axis of x m 
definite points, oortespondmg to a velocity of 11 volts for H* and 20 volts 
for He For positive ions they are curved Imes, which m the present 
experiments also seem at first sight to out the axis of ai in a definite point, 
but probably only approach it. The difference becomes more obvious if one 
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inoreaBeu the intensity of the thermionic current by increasing the heating 
current In the cose of negative corpuscles in He, on increasing the emission 
tenfold the straight line B 'nas obtained, which cut the axis at the same 
point as A This point was very sharply defined, for the velocity of 
21 volts the ionisation was measured by the movement of the gold leaf 
of the electroscope, the rate being 50 divisions m 30 seconds, while for the 
velocity 20 volts the rate was only 50 divisions in 10 minutes For the 
positive ions, as had been already mentioned, the efiect of an increase of 
their number is, within the limits of the experiments, to shift the point 
of intersection of the curve with the axis of x towaids the smaller values of 
velocities 

§4 DtdninUton of Veloritw* 

In order to be able to draw any definite conclusion as to the magnitude 
of the ionising potential, it was necessary to be sure that the actual distribu- 
tion of electric force inside the apimratus corresponded to the potentials 
externally applied In other words it was necessary to investigate the 
actual distribution of velocities among the negative corpuscles and positive 
ions For this purpose an accelerating field was applied between the 
platinum strip P and the gauze li, and a retarding field between the latter 
and the bottom of the cylinder T) The cylinder itself was connected to 
earth through a sensitive d* Arson val galvanometer, which gave 1 mm deflec- 
tion for a current 10~* amp6re The current was measured with a constant 
accelerating potential diiference between P and K, while the retarding 
potential between B and D was gradually changed from zero till it was 
Bufhoiently stiong to stop the whole current In the following an actual 
example is given — The strip P was charged to 10 volts, the gauze K was 
earthed, and the current earned by the positive ions to the cylinder D was 
measured by the galvanometer Then the strip was charged to +9 volts, 
the gauze to — 1 volt, and the current measured again In this case the 
accelerating field was still 10 volts, but all the ions liavmg a velocity below 
1 volt were now stopped by the retarding field of 1 volt, and the current in 
oousequouou became a little smaller. Proceeding m this way, and moieasmg 
the retarding potential by equal steps of 1 volt, we finally reach the stage 
when the current is reduced to zero At one particular step the retarding 
potential produces a much greater diminution in the current than at any othw. 
Since now the largest number of particles is stopped by this retarding 
potential, it is evident that the majority of the particles have a velocity 
slightly below that which corresponds to this value of retarding potential. 

The Table contains the results obtamed for both positive ions and negative 
corpuscles, with an accelerating field of 10 volts snd 7*5 volts respectively. 
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Biygmsentang these numbers m the form of curres, and graphically 
(lifferentiating them, it is quite easy to get the relative percentage of 
Iftrticles which corresponds to every velocity This is represented on 
% 7a and hg 7b, where the velocities in volts are taken as abscisste and the 
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relative percentage of purticloR as ordinates It is seen that, m the case of 
negative corpuscles, we deal with a source of particles of nearly homogeneous 
velocity corresponding to the difference of potential actually apphed From 
this fact it follows that the intercept on the a;-axis gives the absolute value 
of the ionising potential for negative corj^iuscles In the case of the positive 
ions the results are slightly different. The maximum number of particles 
occurs at a velocity less than the velocity applied, and there are no particles 
at all which possess the value of the applied velocity The distribution of 
velocities for positive ions was investigated at vaiioiis jTOssures and with 
various applied velocities, less than 10 volts, but the same effect was always 
observed Wliatevor may be the explanation of this fact, its influence on 
the value of the ionising potential for positive ions is only to make that 
potential still smaller than the value given by the cnivos 

§ 5 Action of Mngnef IV Field 

Finally, the action of a strong magnetic field on the positive emission and 
on the ionisation was studied The expermients were earned out in the 
following order The magnetic field might be applied between the stnp P and 
the gauze D (fig 1) At some definite velocity of the positive ions, for instance, 
60 volts, the effect of the magnetic field on the magnitude of the thermionic 
current passing to the cylinder 1) was measured In this particular case the 
positive thermionic current was reduced to 80 per cent of its original value 
by putting the magnetic field on In this case 20 per cent of the positive 
ions were deflected from their path, so that they did not enter the cylinder D. 
On measuring the ionisation produced in the cylinder by positive ions of the 
same velocity, it was found that this also was reduced to about 80 per cent 
of its value by applying a magnetic field of the some intensity It is clear 
tliat, if 20 per cent of the lonismg agents are prevented by the magnetic 
field from entering the cylinder, the ionisation ought also to be 20 per cent 
less The intensity of the magnetic field was chosen so as to deflect 
completely the negative emission, and, under these conditions, no ionisation 
duo to the negative corpuscles could be detected in the cylinder These 
results may be taken as a fresh demonstration of the fact that there exists 
an intimate connection between the number of positive ions and the 
negative charge, observed in the ionisation chamber 

§ 6 Dismmon of limits 

On examining the observations made and the results obtained we ate led 
to the definite conclusion tliat the negative charge observed in the ionisation 
chamber depends only upon the presence m it of the positive ions and upon 
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tihfiti Tokfitj This power of the positive ions to produce a negative charge 
im only be explained in two ways We may suppose that a process 

ocean aat^ilogous to that first observed by Wien* in the case of positive ra} s 
m a disohai'ge tube, t c that a change takes place in the electrical state of the 
onnfimi^themBelves The beam of positi\e ions may be in reality a mixture of 
positive, negative and neutral particles vhich are m a state of statistical 
eqmjbbvuim The negative part is accelerated by the electnc field inside the 
lomsatuita chamber, and the negative charge observed on the electroscope in 
this case would be earned by heavy negative ions On the other view we 
liava to admit the fotmation of new ions and corpuscles by the collision of the 
poaiiavo ions witli molecules of the gas, %e we must admit ionisation by 
coUision at sucli unusually low velocities as those used in these experiments 
In t|ua O^e the negative charge observed in the ionisation chamber is earned 
by corpuscles The two points of view are not entirely different and it seems 
that the fi^rst hypothesis may possibly include the second As the exiienmeuts 
of Sir J, J Thomsonf have shown, the passage of positive rays through a gas 
is slwa^ accompanied by a veiy sttong ionisation of the gas in the tube It 
seems quite reasonable then to treat this ionisation as a primary effect and to 
consider the neutralisation and the acquiring of a negative charge by a positive 
particle as a secondary effect t On this view it is easier to understand how 
the posi^ve particles could combine with the negative corpuscles, which ai’e 
formed in the gas m the free state in the way explained The charge actually 
observed on the elcclroscope would thus be the sum of the charges on both 
negative ions and negative corpuscles 

Accepting the second point ot view, we see that our results remove some 
daffieultiOB which arise m applying the theory of ionisation by collision to 
Ibe results of Townsend’s§ experiments These experiments invoatigato the 
chai^Pr^'w^th the distance between the plates, of the current due to photo- 
slsatKiwy in the electnc held and the conditions undei which a Bjiark is pro- 
duced between the electrodes. The difficulty is that, expressing his observa- 
tunif by a theoretical formula 

w = Wo 




* W Wien, * Ann der Phye. ’ (4), vol, 27, p 1025 (1908) 

+ J J. Thomson, ‘ Phil Mag ' (6), voi 24, p 232 (1912). 
t See, however, W Wien, ‘Ann, der Phya * (4), vol 39, p 538 (1912) 
g J S. Towneend, * The Theory of Ionisation of Gases by Collision ^ 
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irhere n is the number of negative ions which reach the positive dectrodOr 
no 18 the number of negative ions which start tvom the ne|^tive 
electrode^ 

I IS the distance between the electrodes, and 

a and ff are the numbers of ions produced by negative and poaitiva 
ions respectively m 1 cm distance, 

though we get complete agreement with the experimental results, we are led to 
<^onclude that positive ions possess the power of ionisation even in comparatively 
low electric fields and at comparatively high piessures These last two 
conditions hnut the energy acquired by the particles during their free patii 
to a very small value, make the ionising potential for positive ions very 
small — a fact which was not observed iii direct experiments Now the result 
of the experiments described in this paper gives to this fact a direct experi- 
mental venfication, proving that: the energy required by a positive ion to ionise 
a molecule of a gas is of tlie same order as that required for this purpose 
by negative corpuscles Now in some of the present experiments a negative 
thermionic current about 10 times smaller than the positive one gave an 
ionisation about 10 times larger with equal velocity of the earners of 
electricity in both cases The question thus arises * what is the cause of thia 
difference between the ionising powers of negative corpuscles and positive 
ions ? It seems possible to answer the question in this way Within the 
range of velocities and pressures investigated here the collisions which result 
in the ionisation of a molecule of a gas occur much more often in the ease of 
the negative corpuscles than in tlie case of positive ions This view is con* 
firmed by Townsend’s* values for the numbers a and fi ot ions produced m 1 cm 
distance by a negative corpuscle and by a positive ion For helium he gives 
a = 0*5 , )3 = 0 0095, %e,in the case of negative corpuscles 50 per cent of 
them make collisions which result in ionisation ot the gas molecules, while in 
the case of positive ions only 1 per cent of them succeed in producing 
ionisation 


§ 7 Svmxmary 

1, The property of positive ions to produce a negative charge in a gas has 
been mvestigated for a considerable range of velocities of the ions 

2 It seems probable that the effect observed was due to ionisation by 
coUiBion of positive ions 

3 The results show that the ionising potential for positive ions in 
hydrogen is about 10 volts, which la of the same order of magnitude as 

* J. B. Townsend, loc cit , p 49. 
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tbe ioniamg potential for negative corpuscles, the positive ions being denved 
front heated salts 

4 In a new experimental arrangement, measuiements of the lonisiug 
potential for negative corpuscles were repeated, and the values, 11 volts 
for hydrogen and 20 volts for hehum, were obtained, which confirm the 
results of Franck and Hertz 

5 Observations were made on positive ions emitted by heated sodium 
phosphate in hydrogen, oxygen, mtrogen, and helium 

Further experiments are in progress When this research had been con- 
duoted to the point described above, a paper by £ v Bahr and J Franck 
appeared in the ‘ Verhandlungen der Deutschen Physikalischen GesollsChaft,' 
January, 1914, which contains results which are in agreement with those 
of the experiments described in § 2 of the present investigation 

The authoi 'gladly takes this opportunity of thankmg Prof Sir J J, 
Thomson for his kind permission to carry on tins research in the Cavendish 
Laboratory, and for the interest he has taken in the investigation 


The Determination of Fatigue Limits under Alternating Stress 

Conditions. 

By C E Stbombykb 

(Communicated by Prof W £ Dalby, F B.S. Beceived March 26, — 

Bead May 21, 1914 ) 

In the year 1867 A Wohler, locomotive supermtendent of a railway 
company in Berlin, exhibited at the Pans Exhibition the results of some 
expeements on the endurance of metals, and was tdiereupon engaged by the 
Pmsnan Government to carry out the more exhaustive enquiry into this 
subject with which his name is always associated The results of his 
laboun were published in 1871, and were highly appreciated, but few 
sdditionnl experiments were made until the subject was again taken up 
successively by Sir Benjamin Baker, B^olds and Smith, Bogers, Stanton 
and Bairstow, Eden, Bose and Cunningham, and Prof. Hopkinson All these 
expanments are confined either to fatigue bending or to push and pull teste, 
wing <mly steel or iron, whereas the present ones include a large numher of 
tMahai fatigue tests on venous metals 
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Until comparatively recently there was no aatmfactory MMitiMli 
comparison for fatigue tests, the cietermmation of the asymptotMK InttVtmg 
fatigue stress for an infinite number of re\olutions from a few irrsgiditr test 
results leading to very uncertain conclusions, so much so tliat by m m /b ^ 
was considered very doubtful wliether there wore any real fatig^ 
wliilo otheiB adopted as standards of cotn})anaon the fatigue stroieeB 
would cause fiacturos at the millionth ie]ietition The first problsoa which 
had to be investigated was theretore to ascertain the relationship h iBt wwi 
the intensities of fatigue stresses and the ninid>ors of rejietitioas irf these 
stresses which would cause fracture , and, should this relationship he tcMiad 
to indicate the existence of a limiting stress for an infinite inumhar of 
levolntions, or more briefly of a fatigue limit, then the next step wouid have 
to be its exact determination 

A discussion of Wohlers tests, which has often been attempted, did not 
seem to be likely to lead to any definite results, for ho was evidently trader 
the unpxessiou that the quality of steel with which he was being supphed by 
several steel makers did not vary during a twelvemontli, and instead ef Bsahrag 
a series of testa with small samples cut from a single axle, he seems to have 
made his test^pieces so large that a separate axle had to be used for each 
one, although the first may have been supplied in January and the other in 
December of a single year Since his days it has become known that» even 
in a single ingot, comiiarativoly laige differences exist as regards 
composition and mechanical properties, according as to whether the sami^ 
are taken from near the surfaces of the ingots or from the tops or bottoms of 
their cores Therefore, in ordei to reduce to a minimum the chonoee of 
obtaining irregular fatigue results, the author made use of very short fcert- 
pieces, so that the distance from sample to sample did not exceed 3 inches 
and for tlie bending tests was as small as 1 inch The shape of the sain{des 
used for liending fatigue tests is shown in fig 1, each test-piece oonnituig of 
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seven waists and cones. The end cone of each sample was flrmly nraffutnfl 
into the socket of a horizontal revolving spmdle (fig 2), and to the otflwroari 
of the test-piece was screwed a hardened steel rod from which a weghfeWiV 
suspended After revolving the spindle for a certain number of tiMS itira 
first (left hand) waist would break and the second cone would be inBetftod 
the socket, and so on until all the waists were broken. The load on 
of the bar was not altered, so that the bending moment on any one iMMt 
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would be the eaino throughout the entire duration of the test With this 
form of test-pieoe the sue successive fractures would be separated from each 
other by only 1 inch 

With the permission of Prof Dalby, his aasutaut, Mr (now Professor) 
A, J Margetson, earned out a senes of bending fatigue tests during 1907 
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and 1908 on about 30 different 'qualities of steel, of which a large iiumbei 
had been cut from plates which bad failed in practice Hu results have 
been carefully analysed and were found to comply with the ompincal 
condition 

±S, = Fl+C(10^/N)»/«, 

whero FI is the extrapolated fatigue limit, C is a coeiboient affecting the 
endurance undet severer stresses, and ±8. is the nominal fotigue stress 
which will cause rupture if lepoated N tunes , H bemg the total number of 
stress cycles or revolutions up to fracture. The nominal fatigue stresses ±S« 
ate calculated from the alternate bending moments as if the matenal were 
perfectly elastic lip to these stiesses, whereas, on account of the plasticity 
of steel imder severe stresses, the actual fatigue stresses are nooessanly 
lower than these nominal ones, except for vamshmg differences of Sa— FI 
The correction for reducing 8* to S will therefore most likely not affect FI, 
the exterpolated fatigue limit, which u the mam object of the present 
enquiry, but it will certainly affect the ooefiBcient C and, possibly, also the 
index 1/4, 

The results of these bending.te8t8 have been recorded diagiammaticBlly in 
3 and 4, the vertical scales of the diagrams representmg the nominal 
bending fatigue stresses ±Sii, and the horuontal ones representing idie 
tttpMssion (10*/N)'^* Seeing that the distance whidi separates the Srst 
TOIi. xo— A. 2 o 
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fractured waist from the last (see fig 1) is only 6 inches, it wae hoped that, 
within this length, no change of endurance qualities would occur, and that 
the intersections of the prolongations of the plotted test results with the 
sero ordinate might be looked upon as being the true fatigue limits, but, 
judgmg by some of Messrs. Eden, Bose, and Cunningham’s test results^ veif 
marked changes of endurance qualities are met with even in short lsqg^4tf 
rods, and with the form of test-piece adopted in the present trial, tbe|e h)^ 
changes would introduce systematic errors, either altenng the slopes et titfi 
hues in figs 3 and 4 or curvmg them, and tiiese influences would indinsQ{d|r 
affect the extrapolated fatigue limits FL Partly for this reason, pa|||ff 
because of the exceptional chemical compoaitaons of the steels maidsoiMP 
and F, these were subsequently tested m duplicate and the results 
follows • — ,, 

Sample D FI « 10'92 and im, C « 3*78 and 3'74. 

Sample F FI » 11 49, 1P76 and 14 88 ; 0 * 6 98, 6*02, 

These agreements and disagreements could easily be explained by aa8«il% 
eertain slight local differences of endurance qualities, but as they iniMlllh 
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that a considerable amount of uncertainty attaches to extrapolated &tigue 
limits, they may bo taken as a thorough justification for the carrying out of 
further tests which had for their object the direct determination of iatigne 
limits , therefore the Committee of the Manchester Steam Users’ Association 
for the Prevention of Boiler Explosions very kindly sancUoned the construc- 
tion of a fatigue testing machine, and, more recently, of an unproved one 
with which these determinations could be made by means of a calonmetno 
method, which is descnbed below. 

Seeing that Wohler had made only two satisfactory torsioii fatigue tests, 
and seeing that none have been made smoe bis days, whereas bending 
fatigue tests have been fairly numerous, a torsion fatigue testing machine 
was decided upon for the additional work. Its essential feature is the 
transmission of alternating torsion mommits from a rooking crank throng 
a test-piece to a fairly heavy flywheel The mtensities of these moments 
and of the alternating nominal shearmg stresses ±Sit in the test-pieoe were 
estimated from the known moment of inertia and the number and amplitude 
of the oBoiUations of the flywheel W, while the number N of stress cydee 

2 o 2 
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was recorded by counters The testing machine is illustrated in hg 6 
(elevation) and fig 6 (plan) 

SccS is the central crankshaft with a heaty flywheel F, which gives 
steadiness of rotary motion It is driven at about 600 levolutions per 
mmute by a belt from the motor M The throw oi double radius of each 




crank is 1 inch Two connectmg rods KK join the rotating cnmks cc to 
the balanced rooking cranks CC, whose radii of action are 4 inches. The 
shafts of these cranks end m clutches QQ, and the spindles of the two 
flywheels WW have similar clutches, into which the mids of the test^pieoes 
can be secured The flywheels WW are built up of a number of mroular 
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di 808 , whose moments of ineitia have been accurately determined The 
cranks CO are, as will be seen, inclined at angles of about 22^° which 
angles cun be slightly altered by adjusting the lengths of the oonnecting 
lods KK This inclination of the cianks CC is an essential feature of the 
machine, for without it the torsion momenta would not he equal at both 
ends of the stioke, and the test-pieeoH 
would a( quiKj increasing twists m one t- 

direction while the test is in progress 
The 8lia[)es of the tcst-piecca held by 
the cliitclies QQ, and the attachments 
for the calonmetnc ineasnrementB are 
shown in fig 7 Foi the latter purpose 
the test-juece T is suirouuded by a 
thick indiarubbei sleeve, shown m 
section, to which an lulut and an outlet 
pi})e aie cemented , sensitive thermo- 
meters h and tu being placed in each 
pijie A steady stream of watei enteis 
at I, Its temi>erature being read off at 
/i , It tuivels along the test-piece T, 
taking up any heat which may be 
generated in it, and passes out at O, 
the discharge tcmiperature being re- 
corded by tj When much heat is 
geueiated in a test-piece a small 
portion escapes through the clutches 
QQ (hg 6), because these would be 
relatively cold, and if the clutches are 
warmer tlian the best-piece heat will 
travel into it In Older to determine 
the amount of this conducted heat, holes were drilled into the bearmga 
near QQ and thermometers inserted, whereby the flow of heat fiom or to T 
was determined in terms of the difference of temperature between that of 
the test-piece and the two beanngs. The flow of the cooling water was 
maintained at a very steady rate by a constant head of pressure, and was 
frequently checked It could be reduced to 2 cc per minute, and as the 
temperature could be read to 0 01^ C , the oalonmetno attachment would be 
capable of just mdicatmg 0'02 small calories per minute, or 1*43 gnn-om. 
of work per revolution or stress cycle, of which there were about 600 per 
minute This plastic work is represented in flg 8 by the area of the 
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loop alc&t OF being the maximum twisting moment and the twistmg 

angle of the test^piece For test-pieces 
of the dimensions used m these 
experiments the elastic work, if added 
together for each quarter cycle, or 
twice the product 0FxF6, was from 
1000 to 3000 times larger than the 
area ahcd 

In the present expenments the 
accuracy was reduced to about 1 per 
cent by increasing the flow of water to 
about 30 c c and by disregarding differ- 
cnoes of temperatures of less than 
002® C 

Before proceeding with the calori- 
metnc determination of fatigue limits, 'it was deemed desirable to subject 
all the samples, of which the bending fatigue tests are recorded in diagrams 3 
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and 4, to toruou fatigue tests, using waisted samples of the veiy shortest 
dimensions (1^ inch over all) The expenments were mostly earned out by 
my assistant, Mr H A. Jones, B Sc , and the results are recorded diagtam- 
matioally m hgs 9 and 10, which are arranged on the same plan as diagrams 8 
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and 4, except that the vertical scales (stresses) are twice as large as the 
previous onds As will be seen these plotted torsion fatigue test results he 
on practically straight lines, which is an mdication that a defimte fatigue 
hmit also exists for torsion fatigue stresses, and should be sought for where 
the prolongations of the several lines out the zero ordinate 
It may here be mentioned that the extrapolated &tigue limits for torsion 
(shear) average two-tbirds of those for bending, and that the coeffidents C 
for torsion average 0 3 of those for bending, but mdividual ratios differ from 
the means up to about ±25 per cent Ail the ptevioos tests had been nusle 
on ban cut from plates, but as some of these plates showed laminar segtega* 
tioDB, which may have affected the lesultB, all the snbeeijnent tests have been 
made with samples cut from rolled bare. 
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Tho caloriinetncally determined fatigue limit is that mmimum alternating 
stress which will just generate heat in'* the test-piece This generation of 
lieat IS almost certainly an indication that the material of the test*piece is 
being fatigued by being altematingly stmascd beyond its elastic limit, and 
that if the process could bo continued an infinite number of timoH tlie test- 
piece would fracture But in the previously mentioned empirical formula 
+ = Fl4'C(]0**/Ny/* the fatigue hnut FI is found by extiapolating those 

alternating stresses which lesult in actual fiaclnros, whioli limit is therefore 
that stress which will cause fracture if iei>6ated an infinite number of times, 
and if this einpiiical formula should be apphc^ablc to an infinite nuiulier (N) 
of stress cycles, then the fatigue limit as found calorimctucally in a tost of 
short duration should agree reasonably well with it In order to clear up 
this point five bars were tested — ^LA, LB, LI), T^E, LF — and the results 
recorded in Table I and in diagram 11. 

As will be seen, the agreement between the two methods of testing is a 
remarkably close one, the stresses, as estimated from the observed number of 

Scale of revolutions 
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revolutione, agreeing with the apphed stresses more closely than mi(^t have 
been expected from the irregularities of the curves in Diagrams 8, 4, 9, 10. 
The worst case is LF, for which the diflrerenoes are —052 and +0*60 ton 
per square inch, but these could be nearly ehnuuated if in the fbnnula 
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Table I — Comparative Torsion Fatigue Tests 


I 

1 

1 

1 Sample 
maA 

! 

' i 

Fi, , ± S«„ fatigue 

1 oalarimetnc | dtre^aes 

1 

I 

Tons por square moh 

1 y, 

' rerolutiona i (10^ N7*) 

' to fracture 

I 

' Fatigue stresses 

, 1 

1 Estimated i Biffcrenoea 

1 _ 1 - 

^ Tons per square inch 

1 

• Basic Open Hearth Mild Steel Bar 

LA 21 

6 15 

0 B5 

4 840 

3 7W 

9 67 

+ 0 18 

LA 10 

e 00 

8 56 

23,2 to 

2 660 

8 47 

+ 0 08 

LA 20 

5 75 

, 7 70 

50,400 

2 5 

7 97 

-0 27 

( Mean 

1 

6 07 


(Afean coefficient, C => 

0 977) 


1 


Risic Open Hearth Mild Steel Bar 



LB 6 

0 00 

9 70 

6,870 

a 478 

0 67 

40 13 

LB 0 

fi 60 

8 62 

28,027 

2 660 

8 77 

-0 15 

. LB 7 

6 50 

8 20 

82. 

1 887 

8 16 

+ 0 04 

• Mean 

0 53 


(Mean coefficient, C * 

0 701) 
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Basic Open Hearth Mild Steel Bar 



1 LI) 6 

7 30 

10 40 

21,440 

2 615 

10 43 

-0 03 

LDS 

7 10 

9 60 

37,616 

2 272 

10 01 

-0 21 

, LD7 

1 

7 S6 

0 18 

242,000 

1-426 

8-97 

40 21 

1 Mean 

7 22 


(Mean coefficient, C » 

226) 




Basic Bessemer Mild Steel Bar. 



LE19 

6 90 1 

10-04 

91,035 

1 820 

0 94 

40 10 

LE 17 

7 -O') 1 

9 76 

09,000 

1 777 

9 87 

-0 11 

LK 18 

0^5 1 

9 72 

128,800 

1 684 

9 71 

40-01 

Mean 

i 

6 97 

1 

1 

1 

(Mean coefficient, C « 

1 680) 




Basic Bessemer Mild Steel Bar 



LF18 

1 

6 88 

10 ‘70 

21,200 I 

2 620 

11 22 

-0 53 

LET 10 

6 94 

10-80 

49,800 

2*124 

10*89 

-0-00 . 

LFir 

6 07 

0-92 

206,600 

1 484 

9 82 

+ 0^ 

Mean 

6 68 

1 


(Mean coefficient, C 

1 675) 
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+ S, =! F1+C(10*/N)V* the index 1/4 were replaced by a smaller fraetum. 
It IS, however, probable that these disclepancies are due to inegulanties m 
the material. Probably the most important resalt revealed by these 
experiments is the definiteness of the calonmetncally determmed &tigae 
limits, the maximum differences from any of the mean values m Table I 
not exoeedmg 0 22 ton per square inch This resalt will appear all the 
more satisfactory when it is remembered that the static elastic limits for mild 
steel are such very uncertain quantities that engineers refuse to recognise 
them as bemg of any practical value, and prefer to judge of the quahties of 
mild steels by their ultimate tenacities, although these may vary by more 
than ± 5 per cent, in a smgle plate This definiteness of the fatigue limit 
u as confirmed in a most gratifying manner by tests of 19 samples cut from 
a single crankshaft Of these, three were cut from the scrap end of the 
shaft, probably near its surface, and the fatigue limits were found to be 
11 lo, 11 40, and 11 25 tons per square mch (11 27 mean). Eight other 
samples were cut longitudmally from the centres of the four crank webs 
close to the crank pins Their fatigue limits were 12 15, 12*05, 12 10, 12*10, 
12*15, 12 00, 12 15, 12 05 tons per square inch (12 09 mean) Eight other 
samples were cut from the same positions, but across the grain ; the results 
were 12*15, 1130, 11*60, 1130, 11*60, 11 .H6, 1200, 1130 The maximum 
difference between the mean and mdmdual results were respectively 0 13, 
0 09. and 0 57 ton per square inch, which is a most satisfactory result. 

The calonmetnc method of determimng fatigue bmits is not only simple 
and expeditious, but, as the above tests seem to indicate, also rehable, and 
may possibly help to throw new light on several as yet unsolved problems of 
mechanics, more especially if, as can easily be done by fracturing the sample, 
the coefficient C is also determined, which gives some indication as to the 
power of the material to withstand a few severe alternating stresses The 
rate of heat evolution durmg the fatiguing process baa as yet not been 
correlated to any mechanical properties of the materials tested, but there 
seems to be a rough relation to the fatigue stress. Thus, for three mild 
steels, two oast steels, and aluminium, the ratio of the heat H evolved during 
the early portions of the fatiguing processes to the square of the ratio of 
the excess stress over the fatigue limit (S.— FI) to the fatigue hmit FI, 
VIZ, H-+-[F1/(S*-F1)]*, is reasonably constant for each material, and the 
extreme mean values of C for such different materials as steel and aluminium 
are oompnsed within the limits oi 329 and 548 (see Table 11). 
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Table II — Fatigue Stresses and Bate of Evolution of Heat 





H 



I 

1 



Heat eroWed per minute per 

Katibt 



cubic inch of sample 





Initial itase 

Mean 


1 

1 

1 

Bmpld 

Batio of exeats of atreu ofer 






fatigue Unut to fatigue limit 







(8,.F1)/Pl 

H, 

From 

To 

H, 


By** 



inoh pounds 




Three Samples of Mild Steel 




LA 20 

0 323 

80 

60 

66 

676 

688 

LA 19 

0 427 

16 

05 

95 

622 

622 

LA 21 

0^80 

200 

210 

260 

647 

677 

Meui 

— 

— 

— 

— 

646 

611 

LB 7 

0 260 

7 

80 

66 

444 

880 

LB 6 

0 886 

0 

60 

116 

474 

1120 

LB 5 

0 478 

87 

110 

248 

466 

1060 

Mmh 

— 

— 



400 

1010 

I^SSU 

0 267 

0 

17 

43 

1 

604 


0 874 

0 

72 

126 

616 

608 


0 480 

84 

65 

161 

80S 

980 


— 



- 

861 

827 

Two Samples of Cast Steel 

▲AS 

0 480 

0 

21 

88 

114 

170 

AAl 

0 607 

70 

160 

181 

484 

866 

AA8 

0 798 

106 

. 

280 

878 

840 

482 

Umx (onuttiBg AA 8) — 

— 


— 

891 

808 1 

AB 1 

0*441 

0 

62 

67 

267 

298 

AB8 

0 578 

180 

146 

184 

442 

400 

AB8 

0'744 

66 

166 

179 

299 

884 

Umm 

— 

— 

— 

— 

886 

886 
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Table II — iimtmiied 


— 



“ “ — 

— 



■ 




H 





1 

Heat arolTed per nunute par 

lUfcioa 



cubic inch of Bauiplo 





Iniha] stnira 

Meau 



Cl » 

Katio o£ excise oi Btresa orar j 






DQUlplO 

fatigua limit to fatigue limit 








Hi 

Ho 





1 

J 

From 

To 

U, 




1 

1 

1 1 

- 

inch pounds 




One Sample of Aluminium 




AL 3 

0 086 

1 4 

2 7 

2 1 

sey 

1 284 

ALl 

0 164 

3 3 

6 7 

4 0 

241 

! 20? 

AL2 

0 813 

0 5 

87-0 

23 6 

87S 

' 242 

Mean 



— 

— 

1 

1 828 

244 

— 

^ — _ i 






1 



Having oatabliBhed the existence of definite fatigue limits for mild steel, 
additional tormon fatigue testa were made with other materials, the results 
being recorded in Table III and diagrammaticalljr m fig 12. Tlie latter shows 
very clearly that the endurance qualities of the tested metals can be 
expressed by the same formula as that which was found applicable to steel, 
and that each metal has a well marked fatigue limit 
A knowledge of the true value of the fatigue limit of a metal will permit 
of greater exactitude being attained in the fixing of safe working stresses 


Table III — Torsion Fatigue Limits FI, and Coefficients 0 


Katenali and eample marki 

FI, tons per 
square inch 

0 

A A Tool Bieol 

F 610S '' SiQ " auangftiioao etoel 

F 6109 nmnganaMO eteel 

F 6118 Manganaie steal, 14 par oent Mn 

F 6114 Mangaoesa ataal, 10 6 per cent Mn 

F 6117 Chr(^amokelBtaal,12 6par cent Ki 
FAR Famley iron 

> Cl Oast iron 

' Kl Pure rolled nickel 

OU* Commetoial copper 

P B Phosphor Itfonaa , 

> A If RoUm alnnuatum 

MA Rolled magnalium 

1 

7-08 

10 40 

11 10 

10 25 

9 00 

12 00 

6W 

8*98 

6*22 

6 50 

7 82 

2 10 

4 22 

1*91 

1 96 

2M2 

1*026 

1 864 

0 604 
0*616 
i-ei 

1 43 102*24 
0*44 

0 72 

0'127 

0*077 
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than IS possible when only the ultimate tenacity is known A knowledge of 
the relationship between the intensities of fatigue stresses and the numbers 
of their repetitions will also prove of value in enqumes into the cause of 
fractures It has already been of gieat service in the determination of the 
stresses which caused a number of copper steam pipes of manne engines to 
fracture, aud may be used for a similar purpose with regard to failures of 
crankshafts and railway axles 

In conclusion, I beg to thank Prof Dalby, Prof A J Margeteon, and 
Mr. H. A Junes for their valuable assistance, and those metallurgists who 
kindly supphed some of the samples, and especially do I wish to thank the 
Committee of the Manchester Steam Users’ Association foi their enooutage> 
ment of the present and future researches. 
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Bakebiax Lectube : Sene^ Line* m S^rk Spectra. 

By A Fo'WI.er, F B S , Assistant Professor of Physics, Imperial Collage, 

South Kensington 

(Lecture delivered April 2, — MS received April 20, 1914 ) 

(Abstract ) 

The classical work of Bydberg, and that of Kayser and Bunge, dealt chiefly 
with series lines occurring in spectra whicli are prodnoed m the electric arc, 
or in vacuum tubes with discharges of moderate intensity. In the present 
communication the lines considered are some of those which are specially 
developed in the condensed spark , that is, lines which belong to the class of 
“ enhanced lines " as defined by Lockyer 
The mvestigation was undertaken in connection with the new lines 
(X4686, etc) which were produced m 1912 by passmg strong discharges 
through helium tubes, which always contame(£^l|^^punty of hydrogen* 
These lines are of great interest m celestial spwnoscopy, and, following 
Bydberg, they were at first attributed to hydrogen , they appeared to be 
closely related to the hydrogen series, while showing no relation to the 
known senes of helium. In addition to the lines /calculated by Bydbeig for 
the “Principal” senes of hydrogen, however, the "4686” senes included an 
intermediate series which the recognised formulee suggested was a second 
“ Principal ” senes, having a simple relation to the first As the lines could 
not be obtained from hydrogen alone, it was soon felt that further enquiry 
should be made as to the value of the numerical evidence on whioK their 
assignment ^to hydrogen was chiefly based A search for other senes of 
similar character was therefore instituted in the hope that some generalisation 
with regard to them might be reached 
The conditions of appearance of the lines m helium tubes suggested spade 
spectra as the most promising source of such senes, and a subeequest 
mvestigation of magnesium showed that the welLknown qiark hne X4481 
was the first member of a senes of the kind looked for. No satisfaetary 
evidence of relation to other senes of magnesium was then obtained, and it 
seemed possible that both the "4686 ” and the "4481 " senes might be of a 
new type, having no necessarily simple relation to other senes m the 
respective speotra.t 

The lines of the " 4686 " series, and the associated " Pickering " series, have 

* ' Monthly Notices Boy Astro. Soc.,’ vol 78, p. 6i (December, 1918). 

+ ‘ Boy Soc Proc.,' A, vol 88, p. 133 (Jane, 1818). 
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since become of increased importance, m connection with theories of tiie 
constitution of the atom, through the theoretical investigationB of Dr Bohr, 
who explains them as lieing produced dunng the hrst stage in the re-formation 
of atoms of helium from which both electrons have Iteen removed by the 
strong discharges employed Bohr’s formula for this senes is identical, in a 
hrst approximation, with that for hydrogen, except that the Bydberg constant 
N (= 109,675 for Howland's scale) has four times its usual value The 
two “ Principal ” series previously assigned to hydrogen were thus united m 
a single senes of a new type, while the Pickenng senes was made to include 
additional lines nearly coincident with the Balmer senes of hydrogen It 
theiefore became important to ascertain if such a modified formula could be 
adapted to the analogous “ 4481 ” series of magnesium, and to other senes of 
spark lines if they could be found. 

Further investigation of magnesium was also suggested by Dr. King’s 
discovery that the Ime 4481 is a very close doublet Two additional 
members of this senes were resolved, and it at once appeared that the series 
was not of the ordinary^Bflftipal type The new measurements also showed 
that the eight observed Imes could be united in a single senes of the new 
type suggested by the work of Dr Bohr Other senes of the same kind wero 
found in Lyman's obseivations of certam “narrow’* doublets m the spectra of 
calcium, strontiuni, and barium in the Schumann region 

At this stage a valuable contribution to the mvestigation was made by the 
work of £ Lorenser,* who had discussed the Lyman lines, and had shown that 
they formed senes of the Fundamental (or “Beigmann”) type, associated 
with the wider doublets which occur in the spectra of these elements. 
Lorenser does not appear to have recognised that the lines in question belong 
to the special class of enhanced hues, but his work proved that these hnes 
form a new class of senes, and that similar groups of senes occur both in arc 
and spark spectra. The formula employed by Lorenser was of a modified 
Rydberg form, but further calculations have shown that the individual senes, 
and the relation between the different senes of the same element, are better 
represented by the Hicks formula with 4N for numerator. One peculionly 
of these senes is that the first pair of the Diffuse series occurs with a negative 
sign in the formulse, whereas it appears m arc senes as a positive term 

The wider doublets which occur in the spectrum of magnesium are m 
several respects cmalogous to the under doublets of cidoiam, strontium, and 
barium, but the negative term of the Diflhse series is lacking, and a 
Fundamental series whioli would tall in line with those of the other three 
elements is also wanting. The use of tiie Hicks formula shows that the 
* ' Uusertaticn,' TttUngeii, 1918. 
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limit of the “4481" senes ib related to the iirst positive term of the Diflhse 
series, but the fact that the doublets occur both lu arc and Sijark, while 4481 
requires spark conditions, indicates that the relation is probably indirect 

The character of the spark series B}Hteui of magnesium has been 
elucidated by the discovery of a new group of senes of narrow doublets, 
which occur under exactly the same experiuiental conditions as 4481 Two 
of these iiairs were obsen^ed by Fowler and Payn lu 190J5, and for con- 
venience of reference the new group of series has been designated the “FP“ 
system It is shown that the “ 4481 " senes is the Fundamental senes of 
tins group, its limit being derived from the first negative term of tlie 
Diffuse senes, as in the case of calcium, strontium, and barium There is 
evidence that corrospondiug senes m the “ FP ” and wide doublet systems 
run parallel to each other, so that data lacking in one may lie obtained 
from observations of the other Thus it is found that the separation of the 

FP " doublets is equal to the calculated sepaiatiou of the moml Principal 
pair of the wide doublets, which lies m the Schumann region and has not } et 
been observed Two well-defined combination senes, each consisting of 
seven hnes, have also been recognised in the course of the exjieiiiueuts on 
magnesium, one derived from terms of the Diffuse and “ 4481 ” senes, and 
the other entirely from the “ 4481 ” senes 

From these investigations it follows that two kinds of senes have now to 
be recognised (1) senes of the “arc” type, having Jlydberg*s N for the 
eenes constant, and (2) senes of the ‘spark" or “enhanced line" type, 
having a series constant equal to 4N No mimencal lelations have yet 
been traced between the two sets of senes occurnng in the spectrum of the 
same element. 

Beturning to the lines produced in helium tubes, it is now clear that the 
line 4686 and the other lines associated with it form a single senes of the 
enhanced line (4N) type, and that they can no longer be considered to belong 
to the same group as the Balmer senes of hydrogen, which is of the arc (N) 
type The close numerical relations indicated by Bydberg*s calculations are 
therefore not significant, and, m view of the experimental evidence, it must 
be concluded that the “ 4686 " senes is not due to hydrogen but to helium, 
as first suggested by Dr Bohr from theoretical ooneiderationa. In accordance 
with the convenient nomenclature of Lockyer, they may be designated 
■“ pioto-hehum " lines Analogy with the “4481” senes of 
suggests that the “ 4686 " series is primarily of the Fundamental type, 
while the three associated senes may be considered to be coincident with it. 

If the Pickering lines are also due to proto-helium, as seems probable, the 
senes must include additional hnes which are almost superposed on the 
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Balmer senes. Experimental and astronomical evidence on this point u 
tnoomplete, but there is no evidence against this supposition The asngn* 
znent of the Pickering lines to proto-hehum is supported by the observations 
of magnesium, since one of the new combination senes is related to the 
" 4481 ” series in exactly the same way that the extended Piokenng senes 
would be related to the “ 4686 " senes. 

The close relations between the lines of hydrogen (real and hypothetical) 
niul some of those of proto-hehum is simply accounted for by Bohr’s theory 
of the origin of these siiectra. The formulse, in which p and m can only 
take integral values, may be wntten — 


Hydnigen . 
Proto-hehum 


M sa N f-i — » = 2 for Balmer senes 
\p‘ m*/ 

fp = 3 foi “ 4686 ” senes 

\p* my Lp = 4 for Pickenng senes 


If N' were exactly equal to 4N, some of the lines of proto-hehum would 
be coincident with those calculated by Bydberg for the Principal senes 

= 15 m the first formula) and for the Sharp senes of hydrogen 
<p = 2, m ss m+0 5 in the first formula) The observed values are 
N = 109.675, lir'a=438.8791±10 (the latter from X 4685-98 ±001), and 
Bohr has shown that their ratio is in very close agreement witli his theoretical 
expressions for these terms when correction is made for the mass of the 
electron The above values ot N and N’ give a provisional value for the 
mass of the hydrogen atom in terms of that of the electron as 1836 ±1^, 
or 1855 ±12 when the data are corrected to the International scale of 
wave-lengths. 

The well-known hne at 4686 which occurs in the solar chromosphere, and 
in some of the nebules, is undoubtedly the proto-hehum line, and there are 
no indications in these spectra of another line at 4688 which would 
correspond with the calculated Principal line of hydrogen Until other 
evidence is forthcoming, it may be considered that the hne spectrum of 
hydrogen consists only of the Balmer senes and parallel series in the 
infra-red and Schumann regiona 

In regard to more complex spectra, since N and 4N are constant, or nearly 
BO, for the two classes of series, Bohr’s theory suggests that arc senes m 
general are produced by atoms from which only one electron has been 
removed by the excitmg source, while spark series are produced when two 
electrons have been removed It lias not yet been shown, however, how 
a single series of hjdrogen or of proto-hehum comes to be represented by 
n group of series in other spectra 

VOU XOr— A. 2 H 
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The change in the character of the eeries in pasaing from are to spark 
spectra suggests the possibility of further change in the same dixeotion, 
leadmg to series which would require nine times the ordinary senes constant 
in the formulse representing them. A preliminary examination of terrestrial 
and celestial spectra, however, has given no mdications of the existence of 
such senes 


The E'm.iss%on oj Mhectrinty from varioiis Substatices at Htgh 

Temperatures 

By G W. C. Kaye, B.A., D Sc , and W F Hiooins, B Sc. 

(Communicated by B. T Glazebrooh, F£S Becoived May 1, — ^Bead May 21, 

1914) 

(Fiom the National Physical Laboratory ) 

Inteoductobt 

In previous papei-s* an account was given of experiments in which lonisa* 
tion currents of great magmtude were obtamed from carbon at high 
temperatures It was remarked that the largest currents appeared to be 
associated with the expulsion (at about 2000^ C) of impunties, such as 
silioa, alumina and iron, which are always present in commercial carbon. 
S&oh a result is perhaps not surprising in view of Wehnelt’sf work on the 
alkalme earths and their large electronic enuseivity when raised to a white 
heat, as for example in a Webnelt cathode 
Furthermore, Sir J J Thomson^ showed some years ago that oxides, when 
raised to a red heat in a crucible, gave out an excess of negative electriSity, 
the most copious streams coming from the oxides of calcium and banum.§ 
The currents generated were such as were readily indicated by an electroscope 
The present experiments (which were earned out some months ago) were 
undertaken, in the first instance, to investigate the behaviour of the alltalinft 

* Huker and Kaye, ‘ Roy Soo. Proo ,’ A, vol 86, p. 379 (1812) ; A, vol 88, {k 628, 
(1918) King (‘ Astrophya Jour,’ Nov, 1918, p 330) has einoe repeated some of tKe 
ezperuuente at Mount Wileon in connection with hie work on "tube-arc” apeotra 
+ Webnelt, ‘ Ann. d Phya,’ vol 14 (4), p 426 (1904), and 'PhiL Mag ,’ July (1906X 
Bee also Jentssch, ’ Ann d Phya vol 88, p 637 (1909) 

} J, J Thomson, ' Camb Phil Soc Proc.,* vol 14, p 106 (1806). 

$ Prof Thomson showed further that when various salts were heated, the sign of the 
resulting electrification was the same as that produced by friction of the dry salt when 
cold. 
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earths when raised to the veiy high temperatures attainable in a oarbon 
resistance-fumaoe. The scope of the experiments was afterwards extended 
a little to include a number of other materials 
At temperatures as high as those we have used, apparently all bodies emit 
considerable amounts of electricity, and graphite, the only convenient 
refractory substance available for constructional work at very high tempera- 
tures, shows the effect to a high degree. 

We have therefore had to resort to a difference-method, the procedure adopted 
being to measure the electrical emission from a particular substance when it 
was heated in a graphite crucible, and then to repeat the expenment, under 
the same conditions, with the same or a similar orooible when empty As the 
crucible, in some cases, absorbed the fused material and thus became 
permanently contaminated, the reverse order was, as a rule, the more 
convenient For each material tested, a new crucible was substituted 

The temperatures employed ranged from about 2000** to 2500° C — high 
enough, in every case, to volatihse rapidly Uie substance under test 

In all the experiments, two independent ciicuits were utihsed to measure 
the ionisation In one of these, the ionisation current was measured between 
the crucible containing the evaporating substance and the furnace wall. 

For the other circuit, an additional carbon electrode was permanently 
mounted in the furnace (see fig 1) The carbon electrode was hollow and 



oontamed an inner brass tube cooled by a rapid stream of water There was 
thus a considerable difference of temperature between the electrode and the 
furnace-tube, and this temperature-difference evidenced itself m the form of 
a steady ionisation current across the atmosphere of the furnace, the current- 
measurer being joined to the furnace-tube and electrode The object of the 
cooled electrode was to see if the mtroduction of the substance under test 
affected the degree of ionisation in the furnace atmosphere*, whereas any 
effect due to evaporation of the material or to chemical reactions in the 
crucible would naturally be recorded m the mrcuit containing the ciuoiUe. 

2 H 2 
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In no case was any electromotive fo^ applied the currents recwded ware 
entirely unaided other than by the conditions in the furnace Nor are the 
effects due to any kind of rectification or leakage from the alternating current 

Cooled Mov&blo Cruc<bl« 
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used to heat the furnace the phenomena peisisted, if to a somewhat less extent, 
when the heating current was momentarily shut off 

APPARATUb 

The general arrangeuieuts are shown in hg 1 The carbon furnuLe'tube 
was about 75 cm long, of which a cential poition, about 86 cm long, was 
subjected to the heating current The internal diameter of the tube was 
80 mm and the thickness of wall 4 mm 

A number of the materials tested were found to react with the furnace-tube, 
with results disastrous to its longevity To obviate the nuisance of repeatedly 
mounting a new furnace-tube, the plan was adopted, in the later experiments, 
of inserting a thin carbon tube as an inner lining to the furnace This Imer- 
tube was renewed from time to time us occasion required 
The ends of the fumaoe-tube were closed with graphite caps, through 
the sides of which passed small tubes providing ingress and egress for a 
stream of nitrogen gas The nitrogen seived to check the oxidation of 
the oarbon tube, while the current of gas prevented the formation of 
condensed " cobwebs ” of material across the furnace-tube, to the detriment 
of measurements of both ionisation and temprature 

The crucible consisted of a short length of graphite tube (about 6^ mm 
Internal diameter) mounted honzontally at the end of a carbon rod, the open 
end of the crucible pointing towards the cold electrode, as shown m fig. 1. 
The carbon rod was supported on a shding carnage, and the ciuoible passed 
in and out of the furnace through a hole m a mica wmdow 

llssum 

Among the substances tested were the alkaline earths (BaO, CaO, SrO| 
MgO), soda-lime, alumina (AlgOa), oxide of iron (FeaO»), silica (sand), and 
the metals, tm, copper, aluminium, iron, and brass Usually the subatance 
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was in a state of powder. In most instances, the effect of snddenly intro- 
dnoing the various substances into the hot furnace was a little violent A 
puff of smoke or flame occasionally shot from the furnace mouth, evidence of 
violent boiling being plainly recognisable m some cases The absorption of 
the white light from the incandescent central region of the furnace by the 
vapour in the cooler parts of the tube imparted, in some mstances, a striking 
coloration to the emitted bght Some of these colours were obviously com> 
plementary in tint to those usually associated with tliermal excitation. For 
instance, OuO gave a yellow-green colour, BaO a beautiful salmon-pink, ami 
SrO an intense green, aluminium gave a bnlliant yellow, and AljOs a 
beautiful green 

With one exception, all the substances behaved like carbon and emitted 
copious streams of negative electricity at the high temperatuies employed. 

Oxtdfs 

Baryta, BaO — At each introduction of the baryta the “ cmcible-cunent " 
increased temporarily six or eight fold, attaining 1 ampere in one mstauce. 
The increase remained to some extent on a second heating, and this is 
accounted for by the expulsion of the salt which had been absorbed by 
tlie graphite crucible The “ eleoti ode-current," which was at first somewhat 
diminished by the BaO, afterwards considerably increased This increase 
persisted even when an empty crucible was substituted, doubtless owing 
to the continued activity of the residual atmosphere produced by the BaO 
jAtne, CaO —In the case of lime the cruoible-cnirent showed, instead of a 
rapid growth, a steady increase (up to ^ amp&ie) with each successive heating 
of the crucible One would infer that some ot the lime was absuibed by 
the carbon and that the proportions of the reacting substances became 
more favoniable as the heating progressed This peculiarity was not con- 
fined to the lime , most of the luatenals showed it on occasion 
Sodorlime — Soda-lune was also tried to see if the presence of the soda 
would enhance the effect of the lime No certain effect could be detected, 
probably owing to the too rapid volatilisation of the soda 
Btrontta, 8rO — In one experiment, stroiitia, mtroduced as Si'(NO»)a, doubled 
the normal ionisation current at a temperature of 200(y* C 
Ma^nma, MgO— Magnesia behaved very like lime and baryta The 
oruoible-onrrent increased temporarily six or seven fold (to 750 milhamp^res), 
while the electrode-current at first diminuhed a little and then greatiy 
moreased 

Stlm, SiOa.— Silver sand was employed. The cmoible-oiirreiit rose from 
about 360 milliamp^res to 580 miliiamp^ms, the electrode-current means^ila 
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inoreaBmg slightly from about 120 milhamp^res to 145 The temperature was 
about 2400° C 

Alvm%rui, — The orucible-current increased to over an ampere, xe,, 

from 10 to 20 fold, when the alumina was introduced The addition of more 
alumina after a few heatings produced no further morease — ^the furnace- 
atmosphere was, so to speak, ” saturated *' The eleotrode-cnneut exhibited 
a considerable and permanent increase 
(hnde of Iron, FejO* — The introduction of FejOa doubled the crucible- 
current The reduced iron attacked the lumaoe-tulie vigorously and the run 
soon terminated 

Metals 

With a view to simplifying somewhat the chemical conditions, the effect of 
introducing a few metals into the furnace was investigated 

Txn, — When tm was introduced the crucible-current was increased 10 times 
(to 600 milliamp&res), but the electrode-current showed only a small mctease 
The increase ui the crucible-current completely disappeared after a first 
heatmg This is explained by the fact that under the conditions which 
prevailed, the tm was probably not subjected to any chemical attack, but was 
wholly expelled from the crucible by boihug. 

Alumtntum — When aluminium was introduced both crucible-cuireut and 
electrode-current were increased from about 120 milliampbres to a maximum 
of about seven fold Unlike the emission from tin, the effect persisted and 
even increased on subsequent heatings We should explam this as due to the 
retention of some of the alunumum by the carbon (possibly as carbide), and 
its gradual expulsion, on further heating 
lion — The mtroduction of iron m the crucible trebled the crucible-current 
(from 160 to 460 milliamp^res), and raised the electiode-ourrent about 50 per 
cent It 18 worthy of note that if we extrapolate to 2500^ C the emissivity- 
temperatuie curve of iron obtained by Harker and Kaye (foe eU.) for tem- 
jieratures up to the meltmg point (1500° 0 ), we derive a current of the right 
order, but somewhat smaller than that now found The iron behaved like its 
oxide m attacking the furnace-tube 

Copper, — ^The crucible-current was increased four fold (to 220 mgrm ), the 
electrode-current only shghtly. Just as with tm, the effect almost dis- 
appeared on a second heatmg. 

Btaas — Brass provided the one exception to the otherwise complete 
unammity with which all the substances emitted negative electricity. On 
Its first heating the brass gave out, as a rule, a large quantity of positiTe 
electricity In one case the boiling brass generated a positive cunent 
amounting to no less than 140 miUiamp&res 
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Discussion. 

It will be apparent, from a scrutiny of the foregoing results, that there is 
in every instance a large evolution of electricity when a substanoe is 
suddenly vaporised in the furnace From tlie work earned out by 
Bichardson, Prmg, and others, together with the previous experiments 
conducted at the National Physical Laboratory, it would appear that we 
may look to at least three sources for the electncily generated by a rise of 
temperature — 

(1) The electronic emission, which is a function purely of the tem- 
perature , 

(2) That due to chemical reactions , and probably 

(B) That produced by a change of state — vapoiisation, and possibly 
liquefaction. 

The conditions in the present experiments are so compheated that we could 
scarcely hope to explain the results from any single standpoint Doubtless 
all three causes are operating, the second and third being the more important 
It does not follow, of course, that all three effects would be of the same sign 

In regard to the effect of chemical activity, we have to bear in mmd that, 
together with the test-matenal, there are always present carbon and 
nitrogen High-temperature chemistry is both diihcult and obscure, and at 
present we do not know what are the probable reactions (if any) with some 
substances Wo do know, however, in the case of the alkalme earths, that 
both lime and baryta form carbides with carbon, such carbides being more 
fusible and more volatile than the original oxides. At very high tmn- 
peratures, carbonyls, cyanides, etc, probably also act as mtermedianes, 
followed by complete dissociation 

We are aware, too, that a punous reaction occurs between solid magnesia 
and carbon at about 1900° C , the magnesia meigmg mto the carbon in a 
manner strongly suggestive of fusion, the melt being, however, quite a 
spurious one, the true meltmg point being some 300° higher. Then, agam, 
iron and carbon at high temperatures have a powerful affinity for each other , 
for example, molten iron rapidly eats its way through a graphite crumble 
owing to the formation of a low melting-pomt carbide. We might expect a 
carbide reaction to operate also in the oases of silica and alumina. 

But, ao far as we know, tm and carbon do not react, and neither do copper 
and carbon, and so in these cases the large emission may be due wholly to 
causes (1) and (8). In the case of the brass, it may be that the vapmdsation 
effect IS positive in sign, the electrification produced being sufficiently in 
excess to mask completely the negative emission due to tempeiatuxe. 
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Possibly the low boiling point of the sino is responsible for the positiTe 
emission ' 

In considering the intensity of the ionisation currents obtained, we may 
note that the open end of the crucible had an area of about ^ sq cm If it 
is legitimate to assume that this was the effective area of evi^ration of the 
volatilised matenalB, it follows that the ionisation currents attained m some 
cases an intensity of 4 amperes per square centimetre, which may be 
regarded as a generous estimate 

In conclusion, we may be allowed to touch briefly on the question 
(previously referred to by Harker,* on the basis of some earlim experiments) 
of the applicability of the present results to some ot the problems of solar 
electricity Many of the substances with which we have expenmeiited, 
eg, Ca, Mg, Fe, AI, occur in great abundance in the sun, and hitherto no 
quantitative data as to their electrical behaviour at very high temperaturea 
has been available As is now well known. Hale concludes from his spectio- 
heliographic researches that a sunspot is the region at which a sedar vortex 
emerges at the sui-face Without a doubt, the matter transpmled by such a 
vortex from one part ot the sun to another would expeiience enormous 
variations in temperature, and we can therefore conceive how, as a result,, 
the whirlpool in a sunspot is laigoly made up of electnfied particles 

In the present experiments wc have obtained current^densities of the 
ordei of 4 amperes {ler square centimetre at 2600° Now, the rate of 
increase of the electrical eraissivity with tem|ierature is very rapid, and, if 
extreme extrapolation of measurements obtained over the range of tempera- 
tures possible in a tube-fumaoe may be regarded as legitimate, it would appear 
that at the estimated temperature of the sou, say 6000° C , such a current- 
density would bo uioreased millions of tunes. 

Thus, notwithstandmg the gigantic areas of suDspots,! there is no 
difficulty in accounting for the enormous currents necessary to produce the 
magnetic fields (some 2000-6000 gauss), which Hale lias shown to be 
associated with sunspots. On the same hnes we may seek to explam also 
the sun’s general magnetism, the vertical component of which at the poles 
Hale has estimated at about 60 gauss 

SUMHART. 

Experiments have been conducted at temperatures bam 2000 to 2600^ C. 
within a carbon -tube furnace at atmospheric preesuie. Under these 

* Haaker, ‘ Monthly Notioeit, ILA.8 June, 1918, p SOS. 

t The average diameter ot what may be r^purded aa a spot of normal lin is from 
10^000 to 90,000 kilom , though much larger apote have been observed. 
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oonditiona the eleotnoal etniesions, m the abaeace of any apphed potential, 
have been meaaured for a number of aubetanoea (inolnding the alkaline 
eartba and the xnetala tin, alaminmm, iron, and copper) on their introduction 
into the furnace. Dunng their rapid volatiliaation the aubatancea gave out 
large amounts of electricity, which, with one exception, was negative in sign. 
For example, banum oxide and alumina generated negative currents of the 
order of 4 amp^s per square centimetre, boiling tin about 2 amperes per 
square centimetre, and boiling iron about 1 ampere per square centimetre 
Boilmg brass, on the coutrai} , produced a positive rurrent of about 0 6 ampere 
per square centimetre The results have interest in connection with the 
problems of solar magnetism 

Incidentally, striking absorption-colorations were obtamed when the hght 
from the furnace was transmitted through the vajionrs of the alkaline 
eaiths, ejf, the emergent light in the case of strontia was coloured a brilliant 
green, and with baryta a salmon-pink 


An Application of Electrolyticalhj Produced Luminosity, Foiming 
a Step towards Teleetroscopy 
ByL H ■Waltihi.MA 

(Commimicated by Sir Alfred Ewing, K.C B , F B S Beceived May 4, — 
Bead May 38, 1914 ) 

It has long been known that m valve cella the anode becomes luminous 
when the potential difference across the cell exceeds a certain value, and 
Sebor and Simek* have shown that the luminous property is enhanced when 
the anode is not of pure aluminium 

The first to make practical use of this property appears to have been 
Gl. J, Johnstone, t who found that an aluminium alloy eontaiiung as much as 
10 per cent of some metal which exhibits no valve effisot per se (ey , copper, 
tin, etc.) gave a greatly improved luminous effect, in fact, according to bis 
claims, one of quite a difibrmit order. 

About three years ago the author determined to repeat Johnstone's 
experiments with a view to seeing if the idea could not be applied to oertain 
purposes which the author hod in view. 

* * Zeitwhrift fUr Elektroohenue,' voL 18, p. 118 (1907X 
t ' Eleotncal World,’ voL 88, p 848 (1906). 
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With a cast alloy as described by Johnstone a certain Inniinous effect was 
noticed bat cast metal was not suitable'for the author's purpose With rolled 
or drawn alloy it was found in general that corrosion rapidly set m, leading 
ultimately to reduced voltage across the cell and extinction of the luininosity : 
ntitil this corrosion became very marked, however, it only had the effect of 
increasing the leakage current. On trying a number of alloys it was observed 
that duralumin — an alummmm alloy commercially obtainable m the rolled 
and drawn forms — gave a very much greater lummous effect than Johnstone's 
alloy at the same voltage Corrosion took place, however, just as rapidly as 
with the other alloys, and the remarkable feature was that the more usual 
electrolytes which give good results with pure alummium showed up very 
badly when duralumin was useil, ammomum borate, particularly, causing bad 
corrosion 

After a prolonged senes of trials two electrolytes, namely sodium tungstate 
and sodium molybdate, were found which, while giving a satisfactory valve 
effect, showed practically no tendency to attack the duralumin under ordinary 
conditions, although both electrolytes qmckly corroded oth«r aluminium alloys 
containing zmc or tin This gave the clue to the favourable behaviour of 
duralumm, which contains neither of the two latter metals but only about 
3| to 5^ per cent of copper, ^ per cent of magnesmm, and a small amount of 
manganese. 

Having now at his disposal a suitable alloy and electrolyte the author was 
able to proceed towards the attainment of his object, and succeeded in con* 
structing various luminous devices, out of sheet alloy or wire, which enabled 
rapid changes of design to be exhibited These devices were immersed in a 
glass tank containing the electrolyte, and were viewed throiq[h the glass of 
the tank This arrangement presents no special features of physioal interest 
and so will be passed over 

In the coarse of the expenmeuts it was found that the glass front of the 
tank became dimmed and coated with a deposit from the electroljrte when the 
device had been working or even standing for some tune* further, the 
submergmgof the metal and the carrying up of the necessary contact wires so 
that they should emerge from the electrolyte m a suitably insulated oonditum 
presented difficulties It was, therefore, sought to dispense with the tank and 
to arrange that the liquid should flow down the face of the alloy As a 
matter of fact the capillary effect of the film was iovni to act so effectively in 
keeping the surface wetted, that if the bottom edge of a sheet of dloy was 
dipped into the electrolyte and held there, the moisture retained would soffioe 
for the luminous effect to be obtamed, but only for a diort tim e owing to the 
heating. Still, the behaviour of the alloy under these conditions suggested 
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that it would be possible by assisting this surface action to turn it to practical 
use, provided a sufficiently transparent material could be applied to the 
surface to act as a means of spreading the electrolyte over it 

It was finally found that a sufficient and equally distributed layer of hquid 
flowing down the face of the alloy to be rendered luminous could be secured 
by the simple expedient of banging a wetted piece of cifipe de Chme m front 
of the alloy, in such a way that it clings to the face of the metal, and letting 
the liquid flow down over the surface , the circulation of the liquid beii^ 
secured by means of a small centrifugal pump dnven directly by a small 
electric motor 

The successful solution of the problem of how to dispense Avith the glass 
tank had a rather interesting result 

It of course Iieoame obvious that, smoe the luminous member no longer 
had to be immersed the conducting leads could be passed out at the back of 
the luminous object, which latter was generally supported on an ebonite 
or other insulatmg sheet, and smce at the back of the sheet there is no 
liquid flowing and the metal is dry there, the whole arrangement of contacts 
could be got at conveniently 

This at once suggested that„by making up the lummous anode out of a 
very large number of equal units, wetted in front and supplied with 
ouireiit at the rear, a long>Bought>for arrangement could be arrived at, 
namely, a simple and inexpensive apiwratus compnsing a vast number of 
separately oontioUable equal units which can be made luminous m any 
groupmg or sequence desired , in bnef, such an apparatus as has often 
been pictured mentally as a visual receiver in the 
case of phototelegraphy and even telectroscopy 

In the author’s crude expenmental apparatus he 
has been able to obtain 6,500 separately control- 
lable luminous units in a space little larger than 
the size of a cabinet photograph, eqmvalent to 
more than 24,000 per square foot. 

The way m which the eleotnoal connections aie 
made is shown in the figure. This gives, on an 
enlarged scale, a sectional end elevation of a small 
part of the anode, comprising the alloy units or 
studs >, «, and their supporting sheet of ebomte e. 

The electrolyte escapes from holes h in the pipe p 
and flows down the faces of the studs, the flow being distributed the 
«rdpe curtain e, which is supported from the pipe p. 

The most smtable voltage to work at is from 130 to 140 volts, the negative 
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terminal of a direct current electric supply being connected to p, 'while the 
positive lead makes contact with the backs of those studs which it is desired 
to make luminous 

The arrangement can be used for quite a number of purposes, and it la 
proposed to publish later the results of experiments in the reproductioii 
of photographs, etc For the present, in this preliminary paper, it is 
merely desired to point out that a new means is now available, by which, 
within a small compass, an almost unlimited number of separately con- 
trollable luminous areas can bo obtained , that such areas or pomts, can 
have their luminosity graded, by means of the apphed voltage , that such 
luminosity can be established, or extinguished, at least some hundreds of 
times per second , and that, since all the Inmmous pomts are automatically 
in parallel, being all connected to the negative pole (the electrolyte), only 
one contact is needed foi each alloy unit 


77ie Axtal Chromatic Aberration of the JEnman Eye. 

By P G Notting 

(Communicated by Sir J Larmor, FES Beceived May 16,— 

Bead May 28, 1914 ) 

A bright object viewed directly by a normal human eye shows no- 
perceptible coloured fringes. From this it has been assumed by some that 
the eye is fairly well corrected chiomatically, at least for the most lummous 
constituents of white light On the other hand, if the same object be viewed 
through a filter transmitting only the extreme rod and blue, it will appear 
with either a red or blue fringe, showing that for these extreme rays the eye 
IS not corrected. 

Helmholtz* passed monochromatic light through a small hole and found 
that when red light was used, the hole appeared in best focus when viewed 
from a distance of about 8 feet With blue illumination it appeared bng|itest 
at about feet, and with extreme violet but a few mohes (nur cimga ZoUe) 
With these rough determinations of Helmholtz the question appears to have 
rested 

With the aid of very simple apparatus it was found possible to obtam rather' 
precise determmations of axial focal length The test otjeot used was thfr 

* ' Physwlog. Optik,' 3rd edit , 1909^ toL 1, p. 147. 
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image of the eht of a monochromatic illuminator (S, fig 1) formed by a 
movable lens L of about 20 cm. focal length At a fixed distance (about 

20 cm ) back of this was the observer’s eye, E. In order to 
fix the accommodation, there was placed immediately in 
front of the eye a plate of optical glass, P, reflectmg tlie image 
of a suitable object at the desired distance 

Three eyes were tested at accommodations of 26 cm , 

100 cm , and oo , the remainder at oo only The object 
serving to fix the aoootnmodatiou was so chosen tliat the slit 
image appeared against a dark background such as a distant 
tree trunk or a black printed letter, so that a barely 
perceptible amount of white hght was mixed with that of 
the coloured sht image In making determmations at wave- 
lengths 406 and 436 a mercury arc was used as source, at 
other wave-lengths a Nernst lamp A shift of the lens 1 cm 
coiresponded to 0 01 min shift in focal point at the retina, 
the relation betwomi the two being roughly luiear The un- 
certainty on a group of five settings was not over 2 mm , 
results could be reproduced at different times to about 6 mm 
on the scale 

All the subjects chosen had good normal vision. Two, 

C. H B and C E S , weie women Four, L. A. J., P (I If , 

0. E S, and M B H, were experienced in photometric 
observations, the others, practically without experience in such work 
L. E J has marked natural ability, and has had long experience ui eoloui work 

The i*68ults obtained are given in the following tables and m hg 2 Bata 
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0 H B 
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0-006 
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0-012 

740 

0 000 

0 010 

0 oil 

0-017 

0 004 

0 010 

0 oil 

TOO 

0 002 

0-006 

0 009 

0 007 

0 003 

0-008 

0 008 

650 

0-000 

U 000 

U-006 

0 008 

0 002 

0 004 

0-008 , 

600 

0-000 

0 000 

0-000 

0-001 

0*001 

0-000 

0 001 

1 

650 

-0 008 

0 000 

-0 005 1 

-0 001 

-0 001 

-0 004 

-0-004 

650 i 

0-008 

0 000 

0-006 

0-001 

0 001 

0-004 

0*004 

600 
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-0-006 

0 018 

0-006 

0*006 

0-014 

0-011 

466 

0-086 

o-oso ; 

0-028 

0-084 

0 018 

0 082 

, 0-U84 

466 

0-086 

0-089 1 

0-088 

0-061 

OiXi2 

0^1 

0-082 

406 

0 061 

0-064 1 

1 

0-050 

0-048 

0*038 

0*048 

0-068 1 

' 
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0 012 
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0 008 
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1 0 006 
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0*000 : 
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406 
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0*064 
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are given as relative fooal differences, hvfv. From these, approximato 
distances m millimetres of fooal points from the retina may be obtained by 
multiplying by 15 

All the eyes tested show more or less correction For companson, the 
axial error of an eye of pure water is given at the top of the figure In the 
most luminous part of the spectrum, from 520 to 660, all eyes show less 
variation ui fooal length than an equivalent eye of pure water would have 
In some eyes the corrsotion in the central region would compare favourably 
with that of a good photographic or telescopic objeotivek 
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Several types of correction are Shown that are new to lens optics 
IQie high order central corrections of L A. J and P G N. are aocompaniBd 
by decreased violet but normal red correction L E J. shows no correction 
except in the extreme red and violet, where the correction is normal M B H. 
18 slightly corrected except in the extreme regions C H B is fairly well 
corrected over a wide region from 480 to 780 
Tests were made for residual chromatic spherical aberration (departure from 
Gauss condition) by placing half ot a half-tone screen over the test sht The 
writer could detect no residual in his own eye in the region from 500 to 650 
Beyond 700 in the red and beyond 480 in the blue it is noticeable, while at 
406 m the violet it amounted to fully ,20 tunes the normal difltision. L A J 
agreed with the writer but L E J could detect little loss of defimtion at 406 
I wish to record my mdebtedness to Mr Eastman and Dr Mees for 
apparatus and to those of my assistants who served as subjects 


On Anomalous Trichronuxttc Colour Vunon 
By W. Watson, D.Sc,FBS 
(Beceived May 16, — Bead May 26, 1914 ) 

Havmg occasion to examine a large number of persons who have abnormal 
colour vision, the author has found that the so-called anomalous tnchromates 
are clearly divisible into two groups, which groups can be sharply differentiated 
by qmte simple expenmental means By anomalous tncbromate is meant 
a person who, while not a dichromate, m, a person who can match all 
colours of the spectrum by a mixture of two suitably chosen monochromatic 
lights, has not got normal colour vision Such cases were first investigated 
by Lord Bayletgh, and have since been investigated by many observers,. 
It has already been noticed by several investigators that there are two 
olasses of anomalous tnchromates These are distinguished by the fact 
that when a monochromatic orange (D-light) is matched by a mixture of 
green and red light one class, the protanopes, take more red in the mixture 
than the normal, while the other class, the deuteranopee, take more green 
than the normal. The following paper is intended to prove that both of 
these classes require to be subdivided, or rather that anomalous tnehromatea 
ou^t preferably to be divided into two other olasses, and then each of these 
classes subdivided into protanopes and deuteranopee. 



444 


Dr. W. Watson. 


As has been pointed out by Sir W Abney, if white light is transmitted 
through a thickness of about 0 8 cm of a saturated solutum of chromate of 
j-totash the colour of the resulting light can he matohed by a singlle 
spectral colour, and, further, in the case of persons havmg abnormal colour 
vision the wave-length of the spectral colour differs from the one which 
matches the chi ornate light for the normal As a result of applying this 
test to a large number of persons who have nut got normal colour vision, 
tlie author noticed that, while for some observers the monochromatic colour 
which matches the chromate light is of quite definite wave-length, for 
others a band of the spectrum matches the chromate light , further, that 
one edge of this band always comcides with the jiosttion which matches the 
chromate light to the normal eye Thus if a slit is traversed through 
the spectrum and the light which passes is leceived on a screen alongside 
the light which lias traversed the chromate solution and the position noted 
when the two lights match, the slit being moved alternately first from the 
red end of the spectrum and then from the green end, in the case of persons 
havmg normal colour vision the settings will he between 578 and 580 /t/* 
when the source of the white light is the electnc arc With one class of 
abnormals, which will be called class A, the settmg conung in one direction 
will agree with the normal setting, but the setting coming in the other 
direction will diHbr markedly from the normal settmg This class is divided 
into two subdivisions, one, Ar, in which the abnormal settmg, and hence 
the whole of the band of the spectrum which matches the chi ornate light, 
lies on the green side of the normal match, and the other, A^ where the 
baud hes entirely on the red side of the normal It must be remembered 
that the match with the chromate apjiears to be equally good throughout 
the band included between the extreme settmgs, and, further, that one edge 
of the band always comcides with the normal setting. 

In the case of the other group of abnormal trirhiomates, which will be 
called class B, the match with the chromate hght differs from the normal, 
but whichever way we move the sht the position for which the match u 
satisfactory is the same Of course mdividual settmgs differ slightly, but 
the differences are no greater than those obtained when a normal makes the 
settings. Up to now all the members of this class which have been met 
with obtiuu a setting which hes on the red side of the normal setting. 14 
however, further investigation should bring to hght persons who obtain a 
definite ])oint of setting which lies to the green side of the normal, t he" this 
olass would have to be subdivided os is class A 

Another method of distinguishing the two classes is to match white hy 
means of a mixture of violet (400 ftft) and yellow, that is to dAtewmaA the 
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oomplementarj to the violet Thus it a slit is moved through the qieotrum 
m the neighbourhood of the yellow and the hght is mixed m sutable 
proportions with violet light which passes through a second slit a match 
with white can be obtained, and the procedure adopted when making a test 
18 exactly the same as with the chromate light In the case of the normal 
the position of the yellow slit will vary between 574 and 677 mh the white 
being the light from on electric arc With dass A the setting for the 
yellow slit when approaching in one direction always agrees with the normal, 
but the setting obtained when approaching in the other direction dififors 
markedly from the normal setting, for a position of the sht anywhere 
between these two limits the match appearing equally good This region 
again is always bounded on one side by the position of the normal setting, 
but while for members of class Ar it stretches towards the green, for members 
of class kj it stretches towards the red 

Persons belonging to class B have a complementary to violet which differs 
from the normal to various extents, but they differ from class A in that 
whichever direction we move the slit when makmg the match the position 
of setting IS the same, the accuracy with which this position is located m the 
spectrum being, if anything, greater than that with which the corresponding 
setting can be made by normal observers 
The Table on p 446 gives the results of the examination by these two 
methods of a number of persons who all possessed abnormal colour vision 
In each case two settings were made with the sht moving m each direction, 
and m the table are given the means of each pair of settings, %jt, the mean 
of the two settings when the sht was moved up the spectrum, and the 
mean of the two settmga obtained when the slit was moved down the 
spectrum. In the table the results have been subdivided according to 
the classification given above, but in each class they are arranged m chrono* 
logical order. When examining the numbers it must be remembered that 
in every case tiie observer was quite unused .to makuq; colour matches or 
any other measurements of the kind. The sht was m every case moved at 
a fairly uniform rate by the author, and the observer was asked to say 
" Stop ” when the two patches of light, which were alongside one another, 
appeared to him to be of exactly the same colour. 

On the Toung'Helmholts triohromatio theory we can explam the clossifioa* 
tkm given above Thus all members of class A are persons with defective 
red or green sensation. In the case of A, the red sensation is defective, and 
this class would include as an extreme case that where the ted sensation 
is completely absent, that is a protanopic dichromate, while at the other 
extreme we should have Idle normal The examples given in the Table ate 
VOL. XO.— A. 2 I 
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cdl oases vbere the red sensation u very much in defect, that w they 
approach the dichromate condition The lununonty curves of aU these 
ob>)erveFS are such as would be obtained if the red sensation was defective, 
and agree with the calculated curves given in a previous oommunioation to 
the Society.* 

* ‘ Boy Soc. Proo ,’ A, vol 68, p. 404 (1618). 
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The members of the division Ag have m the same way a defeot in tike 
green sensation In this case the amount of the defoot vanes greatly, 
thongh the greater proportion seem to have a green sensation which amounts 
to about half the normal Here again the luminosity values agree with those 
calculated on the assumption that tlie green sensation is defective * 

Members of class B are such that the led-aensation curve is exactly the 
same as the normal The green sensation is as strongly developed as m 
the normal, but the green-sensation curve appears to be displaced towards 
the red end of the spectrum, the displacement varying to a oertam extent 
m the case of the different persons The result of this displacement is that 
the point in the spectrum where the red- and green-sensation curves 
intersect is displaced towards the red Hence the complementary to the 
violet IB displaced to an equal extent A typical case of such a displaced 
green-sensation curve has been described in detail in a pap«r by Sir W Abney 
and the author * 

If the Bayleigh match of spectral orange with a mixture of green and red 
18 used to test these anomalous tnchromates, it will be found that while 
members of class B make a very defimte match, which differs from the 
normal in that it contains much more green, yet the accuracy with which 
they make the match is as great as in the case of persons having normal 
vision On the other hand, members of class A often make matches which 
differ from the normal, but yet their successive settings will difibr con- 
siderably, and will, in general, approach the normal setting as one limit. 
This test IS not, however, nearly as convenient as those described in tins 
paper, owing to the fact that the orange produced by mumg green and red 
IS less saturated than the spectral orange, and diflbrent observers, or even the 
some observer at different times, seem very uncertain os to the allowance 
to be made on account of this want of saturation 

Although the settings obtamed by members of class B in the two tests 
desonbed above are satisfactorily explained by a displacement of the green- 
sensation outve, the explanation of the settmgs obtamed by members of 
class A IS not so obvious It is fairly evident th^ in the case of class A we 
have to do with a reduction form of normal colour vision, so that in A, the 
red sensation, and in Af the green sensation, is less well developed than m 
the normal. Because in the case of such reduction forms we should expect 
a want of definiteness in making the colour matches. Hence the fact tiiat 
in class A a considerable band of the spectrum is matched with the chromate 
light or can be combmed with a given violet to form white supports the 
view that this class is a redaction form, yet it does not explain the position 
* * Boy. Soe. Froo.,' A, voL 88, p. SaS (1913). 
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of this band. For the band does n^t extend (m both sides of the position 
oorresponding to the normal setting, bat lies entirely on (me side At 
present the author is not in a position to offer any explanation of this &st 
The distinction between classes A and B appears to him, however, of snob 
fundamental importance, when considering the connection between heredity 
and colour blindness and also when studymg the incidence of this condition 
in different peoples, that be has decided to publish the results he has obtained 
up to now without waiting till, by further experiments, more light has been 
thrown on this particular difficulty 


Note on Mr. Malloch'e Obsermtions on Intermittent Vision. 

By SitVANUB P. Trompbok, FB.S 

(Beceived May 21, — Bead June 25, 1914 ) 

In the paper communicated by Mr Hallock on December 11, 1913,* in 
order to account for the internuttenoes seen when watching a revolving 
disc of black and white sectors, at the moment when a slight mechanical 
shook IS given to the head or body, he advances the hypothesis that a 
slight mechanical shock of any kmd produces a penodio but rapidly 
extinguished paralysis of the perception of light, and that the nerves on 
which seeing depends cannot bear more than a certain amount of meohamoal 
acceleration without loss of sensibility 

This hypothesis of a momentary paralysis of the sense of vision seems 
unnecessary The sector disc revolving at from two to six revoluttons per 
second presents a uniform grey tint At the moment when the intermittenoe 
occurs, by stamping the foot or tapping the head, the most prominent effect 
observed by the writer was not the momentary appearance of stationary grey 
or black sectors, but the enhanced brightness of stationary white sectors. A 
momentary paralysis, if it occurred, tiiould produce momentary bUudmeas oi 
the entire disc, which is not what happens. 

To put the phenomenon to further test, a revolving sector disc, dnven 
uniformly by a small electric motor, was arranged so that it could be observed 
either directly from a distance of a few feet or by reflection in a small sheet 
of mirror-glass held in the band or clamped eUstioaUy between two India* 


* ' Boy Soe. Proc ,’ A, toL 89, p. 407. 
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rabber corks upon a solid support. When a slight mechanical shook u given 
to the mirror so as to alter momentarily by a small amount the apparent 
position of the revolving disc, an intermittenoe is produced of the same 
kmd as is observed when a shock is given to the head or body. The 
sectors appear momentarily to stand still, and the brightness of the white 
sectors is for an instant enhanced This intermittence, if such it can be 
called, occurs equally whether the observer taps the mirror or whether 
some other person taps it The phenomenon is m this case mdependent 
of any mechanical acceleration of the nerves or nerve^tmctures, and is not 
due to any tetnporaiy paialysis of vision. Though shocks of different force 
and duration produce slightly diffenng appeuunces, the wnter can observe 
no difference in kind between the effects of shock to his own head or body 
and those of shock given to the mirror Kor does he find any difference 
between the effects of shocks made by his own muscular effort and those 
of shocks made by other persons when he is watching Idle image m .the 
mirror 

The explanation appears to be that when the moving images of the white 
sectors on the retina are suddenly shifted by a minute di^laoement, they fell 
on some of the rods and cones which are relatively unfatigued, and which, for 
the instant, are therefore of greater sensitiveness. 
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The Von %at%m of ElectmcoHL Potential across a SenU-permeahle 
. Membrane * 

By Prof F. G Domnan, FRS , and G M Gbken, M Sc 

(Received May 23, — ^Bead June 25, 1914 ) 

IvirodMftwn. 

It was shown by Donnanf that tn certain cases the potential difference 
between two solutions of an electrolyte, separated by a membrane which 
IS impermeable to the electrolyte, but permeable to the solvent, can be 
calculated. Thus, suppose the solutions (1) and (2) 

K i K 

(1) A' j A' (2) 

Cl, W1 I C*, Wj 

of the electrolyte EA are separated by a membrane which does not permit 
the salt KA to pass, though freely permeable to other salts, with, say, tlie 
same cation £. We may then ascribe the potential difference set up at 
the membrane as due to the tendency of the K ions to equalise their 
concentrations . , li we assume the permeable ions to obey the laws of ideal 
solutions, then 

where ct, ca, are the molar concentrations of the K ions, n their valency, 
R the gas constant, F the quantity of electricity associated with a gramme- 
equivalent of lomo matter, and wi, wt, positive potentials of the solutions. 
For univalent ions and 18** this reduces to wt —in m 0 058 log(ci/ci) volts. If 
the permeable ions cannot be assumed to follow the laws of ideal solutions, 
we must substitute for ci and fa the quantities termed hf U’* Lewia{ 
the " activities,” or else (as is readily done) obtain an equivalent equation, 
involving, instead of n and ca, the ordinary thermodynamic potentials of the 
ions. In the following paper an account is given of an attempt to test 
equation (i) by measurements of the potential difference between two 
aqueous solutions of potassium ferrooyanide, separated by a membrane of 
colloidal copper ferrooyanide. 

* The expenmenti described in this paper were begun m October, 1911, and finidied 
tn April, 1918, their publication having b^ unfortunately delayed 

t * Zeitsidirift fUr Elektroohemie,’ voL 17, p. 578 (1811). 

{ * Zeitsohnft fttr l^iyaikaL Chetiue,* voL 61, p. Itt (l^) 
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JSxpenmmtal Arrangements. 

The membranes of copper ferrooyanide were made in the following way 
An aqueous solution of copper sulphate of 3-per-cent strength was separated 
m a suitable manner by good vegetable parchment from a 7-per-oent 
aqueous solution of potassium ferrocyanide * After three days the parchment 
membrane was removed, washed, and then placed m contact with the same 
solqtions, but in reverse order, for another three days Finally, it was taken 
out, well washed, and preserved under water. Parchment membranes 
prepared in this way proved to be quite impermeable to potassium ferro- 
oyanide of the concentrations used in the present worlnf It is necessary, 
however, to preserve them under water, as they gradually lose their 
impermeability on drying Discs were cut from the prepared parchment 
and firmly fastened to glass tubes, the ends of which had been turned over 
to a wide and smoothly ground fiat fiange The jomt was made tight by 
Golas cement and paraffin wax. The membrane vessel so constructed 
contamed one of the solutions of potassium ferrocyanide and dipped into the 
other solution. Syphon tubes connected each solution with a vessel filled 
with the corresponding solution, whilst into the latter vessels dipped the 
syphon tubes of calomel electrodes Great care was taken to prevent any 
access of potassium chlonde to the solutions m contact with the membrane 
The usual precautions were taken to prevent undue intermixture of the 
various connecting solutions. The membrane vessel, calomel electrodes, 
and interconnecting syphons were immersed as far as possible m the water of 
a thermostat, which was kept at 25°. 

The determination of the membrane potential difference was carried out as 
follows : — The EA1.F. of the cell 

^ * 1 ^ 

OaL I K4Fe(CN), || K4F6(CN),^rCal (A) 

( 1 ) ( 2 ) 

(in which the calomel electrodes are mdioated by the abbreviation Oal , and 
the membrane by the symbol ||), is constituted by the three potential 
differences ei, ea, and E«, the latter being the sought-for " membrane- 
potential " 

Suppose, now, the memb^e removed and the following cell measured — 
si E^ ea 

CaL I K*Fe(CN), | K*re(CN),'T' Oal. (B) 

(1) (2) 

* Cjf Walden, 'Zeitschrift fUr PhyaikaL Cbeaue,’ toL 10^ p. 699 (1899) 
t la one ease this impermeability was tested over a period of four months. 
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Ei( denoting the ordinary “ diffusion-potential ” between the aolutions (1) 
and (2) Then, if Ae denote the difference between the KM.F.’b of oells 
A and B, 

Aa = Em— 

and therefore Em as Ae+Et, 

In Older to deternune Em, it is therefore necessary to calculate Ei This 
can be done by means of the equation 



where ei, Ca, are the equivalent concentrations of the two solutions of 
potassium ferrocyamde , ai, »», their corresponding degrees of lonisatiou , 
and «, «, the (mean) transport numbers of K and iFe(CN)s. In this 
equation Es denotes tiie excess of the positive potential of solution (2) over 
that of solution (1). 

The values of «i uid were taken from the conductivity data of Noyes and 
Johnston.* 

An uncertamty, however, arises here, as this calculation asanmes that the 
salt ionises only according to the equation 

K«Fe(CN)a =2 4K -|.Fe(CN),''". 

Such an assumption will be the more justified the diluter the solutions are 

A. further uncertamty relates to the evaluation of u and v, since the 
transport numbers of potassium ferrocyamde have not been sufficiently 
mvestigated. We have therefore been obliged to calculate « and v by means 
of the equation m w U/(U-t-V) and v a* V/(U-bV), where U and V are the 
equivalent ionic conductivities of the potassinm and ferroqyanogen ions in 
dilute aqueous solution at 26° For this purpose we have taken 

Ua « 74’5, ■* HI 0, 

from the data of Noyes and Johnston for extreme dilution, whence follow 
the values 

« m 0*404, vae 0 996. 

The values of « as determined by the work of Noyes and Johnston to the 
oonoentrationB employed by us are given in the fcdlowing Table, the onioen* 
trations being expressed in gramme-equivalents per litre 

Table 1. — Ionisation of E[ 4 Fe(CN)s at 26°. 

Concentration... 1*0 0 1 0*06 0*04 0*02 0*0126 0*01 0*005 

100. 40 83 68 6 60*4 67 0 70*7 73*5 79-5 

* Noyw, * Amer, Cbem. Soe. Joum.,’ voL 80, p 881 (1808) : Johnston, AmL, vd. 81, 
p. 1010 (1009), 
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The membranes were tested to see if any potential diffetenoe existed acwoss 
them when separating two solutions of potassium ferrooyamde of the same 
conoentration It was found that within the error of measurement no such 
potential difierence existed 

The electromotive force was measured by means of a simple metre shde 
bridge and sensitive galvanometer, the precision bf reading being at most 
0 2 millivolt 

Contrary to expectation, constancy of electromotive force was rapidly 
attained and preserved over an extended penod of time. This is illustrated 
by the following Table (time indicates duration in hours from the settong up 
of the cell) 


Table IL— Solutions N/1 and N/10 KiFeCCNV 


Time 

£m Sf« 


Ae 


£m » Ae+Brf 

i 

1 1198 

1-0070 

0-0228 


0 (ns0 

H 

1 laoo 

1 0970 

0-0280 


0*0861 

Si 

1 1204 

1 0970 

0-0284 


0 0866 

4i 

1 1207 

1-0070 

0-0287 


00868 

5i 

1 1207 

1-0070 

0-0287 

0*0181 

00868 

S5 

1 1206 

1-0070' 

0-0285 

0-0866 

27 

1 1201 

1 0070 1 

0-0281 


00862 

26 

1 1208 

1-0970 

0-0288 


00864 

29 

1 1208 

1 0970 : 

0-0238 


0-0864 

82 

1*1206 

1-0070 

0-0285 


00866 


It will be seen that the vamtiouof EMF observed is well within the 
error of measurement. 

The following Table contains the experimental results, concentrations being 
given as before in gramme-equivalents per litre. 


Table 111. — Experimental Data, 25° 


Conoentntioiia ia 
apportion 

!Bm 4 Se 


Aa 


B»r ( "• Ae 4^ Bi/)* 



Tolte 

TOlti. 

▼olt 

TaJt 

volt 

K OIN 

1 1107 

1-0070 

0-0887 

o-om 

0*0869 

at 0 - 06 N 

1 1828 

1 ‘low 

0*0811 

0-0171 

0 0482 

N O-OSV 

1 1508 

1*1064 

0*0444 

0-0888 

0*0880 

ff O-OIK 

1-1680 

1 nil 

0 0626 

0-0262 

0-0787 

0*1 N 

O-OBN 

1-0680 

1-0770 

o-ouo 

0-0089 

0^149 

0-lN 

O-OiN 

1-0017 

1-0778 

0*0144 

0*0061 

0-0196 

O-IK 

o-oaif 

1 1068 


0-0245 

* 0*0090 

0*0886 

0 Itt 

0-01tS5 

1-114M 


0-0806 

0-0U7 

0-0428 

0-lS 

0-01 K 

1 1170 


0-0887 

0*0129 

0-0466 

0 IH 

O-OOBN 

1-1804 

106M 

1 0-04U0 

0*0170 

0*0570 
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The next Table shows the oompariJion between the values of Eh <u> deter- 
mined lu the manner explained and as calculated from equation (i) 


Table IV — Companson of Itesolts, 25° 


ConcentratiODB in 
apposition 

■n 

£m from 
Table III 

£m from 
Equation (i) 

Difference 

N II jr/10 

0 0182 

0 0369 

0-0619 

por p«nt 

28 9 

N II N/ao 

oom 

0 0482 

0-0671 

28 2 

N II W/60 

« 0 0222 

0 0666 

0 0872 

28 6 

N 1 W/100 

0 262 

0 0787 

0 1026 

28 8 

N/10 

N/ao 

0-0080 

0-0149 

0 0162 

2*0 

N/10 

N/25 

o-oosi 

0-0105 

0-0201 

8-0 

N/10 

N/60 

0-0000 

0 0886 

0*0863 

6 1 

^10 

N/80 

0-0117 

0 0428 

0-0460 

7 8 

»/10 

N/lOO 

0-0129 

0*0466 

0-0607 

8 1 

N/10 


0-0170 

0-0670 

0-0666 

14 8 


The fifth column in Table IV gives the differences between values of 
Eh contained in columns 3 and 4 expressed as percentages of the values 
given m column 4 

There is a large and fairly constant percentage deviation in all the 
measurements involving the eqmvalent normal solution of potassium ferro- 
cyanide. Undoubtedly a large part of this must be ascribed to great 
uncertamty as to the correct values of the transport numbers and the 
degree of ionisation of this relatively strong solution In the measure- 
ments involving no solution stronger than N/10 (lower portion of Table IV), 
there is a better agreement, though there is undoubtedly a tendency tor the 
percentage deviation to increase as the ratio of dilution increases In the 
case of the pairs K/10 II N/20, N/IO || N/26, and N/10 || N/50, the 
percentage devution is not more than would be expected from the errors 
of measurement On referring to Table III it will be seen that the 
percentage deviation increases as the proportion that Ea plays m the 
determination of Eh (Em « Ae + £«) increases It seems probable, therefore, 
that a large part of the deviation is to be ascribed to uncertainty m the 
calculation of Ej 

It must also be remembered that even if the values of Em were accurately 
known there might still occur deviation due to unceitainty as to the degree 
and nature of the ionisation of the potassium lerrooyamde and to deviation 
from tlie laws of ideal solution Taking these various pomts into con- 
sideration, It seems very probable that the potential diflbrenoe between two 
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aqueous solutions of potassium ferrocysnide separated by a membrane of 
colloidal copper ferrooyamde is given by the equation — 

^ 8-^1 = ^ log-, (llj 

where Ui and as are the “ activities ” of the potassium ion in the two solationa 
It will be observed that equation (ii) reduces to equation (i) when the con- 
centrations of the potassium ions are proportional to their activities 


Morphological Studies of Benzene Denvattves. VI — Para- 
sulphonic Derivatives of CMoro-, Bromo-, lodo-, and 
Cyanohenzene. 

By C. S MoMMSsr, B Sc 

(Communicated by Prof. H £ Armstrong, F R S Received May 28, — 
Read June 26, 1914 ) 

The compounds described in this oommumoation were examined m order 
to contrast the para-mono-derivatives of benzeuesulphonio acid with the 
di-derivativea studied by Colgate and Bodd * It is unnecessary to desonbe 
the methods used in preparmg them, as these are well known. 

The meltmg points of the various compounds ore given m the following 
Table 


1 

4 

80^ 

BOaBr 

SO,NH, 

BOjNHFh 

SO,NHOgH4dffs 

01,. 

88*6* 

60* 

143 6* 

104* 

w 

Br 

74*8 

77 

106 

118 

1 94 

I 

84 

97 

leo 

148 

1 189 

ON 

109 

— . j 

167 


1 — 

1 

1 


It 18 noticeable that the substitution of one halogen for another m the 
sulphonio radicle makes but a small difference in the melting point (about 
8^) in oomparlson with that produced (about 20**) by a similar substittition in 
the nooleos. 

In the case of the suiphoohlorides and of the sulphonamides, the 
* These Btudiee —Part II, ‘ Chem Soc. Trane ,* 1910^ p 1685 
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crystallographic constants of similar conpounds containiiig diffisrent faal«^ na 
are practically identical • — 


* 

Compound 

Axial ratios 

0 

a b c 

ca^ ^sojoi 

0<840 1 2<070 

88” 81' 


oezo 1 2 074 

88 13 

^0,01 

0*889 1 2-074 

84 38 

01^ 

0-829 1 O-eOB 

82 12 


0-626 1 0 am 

61 4 


ParaehlorobenzeimidphoMonde, GaHiClSOaCl — ^This componnd was ob- 
tained m measnrable crystals from a mixture of benzene and light petroleum. 
Some difficulty was experienced in producing crystals which had sufficient 
forms for calculation 
System. Monosymmetnc. 

Axial ratios atb e as 0‘840 * 1 2 079 /3 as 83° 31' 

Forms observed {001}, {101}, {lOl}, {Oil}. 


Angle 

No of 
otwerratkmB 

Limits 

Mean 

Oaloulated 

001 

lOl 

27 

lie* 

62 '— nr 

61' 

iir 

29' 


101 

101 

22 

48 

81—44 

6 

48 

49 

- 

- 

001 

oil 

41 

68 

42— 64 

89 

64 

11 

- 

001 

101 

29 

62 

6— 63 

0 

62 

26 

62" 

W 

oil 

on 

81 

61 

6— 61 

49 

61 

82 

61 

87 

oil 

loi 

88 

77 

61- 78 

68 

78 

19 

76 

84 

oil 

lOI 

82 

101 

20—101 

68 

101 

40 

101 

86 


Several crystals of a labile modification were also deposited, but sufficient 
measurements for the calculation of their constants were n<tt obtained. 

ParaelUorobeimnemlphohrimuie, CSeHtCLSOtBr.— Considerable difficult was 
expenenoed in crystalliaing this substance in measurable fonn : it was 
eventually obtamed from a mixture of benzmie and light petzolenm 
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System Monosymmetric. 

Axial ratios a I c^m 1*901 * 1 1 527 /3 = 88° 26'. 

Forms observed* {100}, {101}, {101}, {110}. 


Angle 

No of 
obterTAtiona 

Limitfi 

tfeftQ 

Calculated 

100 

101 

16 

128* 

21' -180“ 

11' 

129“ 

48' 



100 

110 

86 

61 

47— 62 

86 

62 

14 

- 

- 

100 

101 

0 1 

51 

67—52 

81 

62 

11 

- 

- 

101 

110 

13 1 

72 

21—72 

56 

72 

37 

72® 

41' 

110 

TlO 

21 

65 

18— 65 

60 

65 

84 

65 

32 

101 

loi 

6 

77 

U— 77 

67 

77 

30 

77 

32 

loi 

loo 

28 

40 

69— 60 

41 

60 

20 

60 

17 

110 

loi 

18 

107 

1—107 

41 

107 

2t 

107 

10 


Several crystals of a labile modification were also deposited but sufhcient 
measurements for the calculation of tbeir constants were not obtamed 

PariMhlorolenuvesidpltormmtde, CeH«GlSOaNH> — Measurable crystals 
were deposited from a solution m acetone, crystals of one crop gave an 
electric discharge from opposite ends of an axis 


System * Monosymmetnc 

Axial latios a 5 c ss 0 629 1 0 603 /3 ss 82° 12' 

Forms observed {100}, {010}, {121}, {012}, {210}, {Til} 


Anglo 

No of 
obserrationi 

Lumte 

Mean 

Calculated 

010 I 210 

22 

72“ 14'— 78“ 10* 

72“ 88' 


010 012 

19 

78 1—78 40 

78 88 



012 1 loo 

11 

82 18 -«2 67 

82 82 


010 t 111 

28 

67 6 —67 60 

67 89 

67® 86' 

111 111 

0 

44 27—45 19 

44 48 

44 60 

210 210 

11 

84 16—86 4 

84 48 

84 44 

012 • 012 

9 

82 67 —38 60 

88 27 

88 14 

100)012 

11 

97 4 -07 67 

97 26 

97 26 

210 1 100 

11 

16 40—17 46 

17 19 

17 22 

010 1 121 

21 

46 80-47 86 

47 4 

47 9 

121 1 191 

18 

86 66 —86 20 

86 8 

85 48 


The corresponding anilide was obtamed but not in measurable otystals , it 
olosely resembles the corresponding bromanilide. 

Paracihhr€imimMuiphe^^ C«H4ClSOs.NHC^H4.CH«.— Measure- 

able crystals were obtained from a solution in ethylio acetate. 

System Anorthic 

Axial ratios a * 5 ; e sa 1 020 . 1 * 1*006 

« « 106° 6'. /9 ss 98° 60' y = 77° 29' 

Forms observed {100}, {001}, {010}, {101}, {lOT}, {111}, {Oil} 
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Angle 

No of 
obeerrstioDe 

Luttite 

Mean 

Oalenlated 

100 

010 

26 

74** 

0^— 

74® 

46' 

74® 

21' 

_ 

010 

ool 

21 

101 

86 — 

L08 

19 

101 

66 


001 

oil 

18 


7 — 

66 

47 

66 

81 


100 

ool 

17 

89 

20 — 

89 

49 

89 

86 

- 

- 

100 

101 

17 

42 


42 

48 

42 

19 

- 

100 

oil 

0 

76 

16 — 

76 

48 

76 

80 

76® 

88' 

010 

lol 

0 

86 

17 — 

86 

48 

66 

27 

86 

81 

oil 

010 

16 

46 

8 — 

46 

48 

46 

26 

46 

26 

010 

001 

17 

77 

47 — 

78 

24 

77 

68 

78 

4 

010 

loo 

26 

106 

13—106 

69 

106 

89 

106 

89 

100 

111 

12 

48 

4 — 

48 

86 

48 

16 

48 

4 

oil 

loo 

8 

103 

12—108 

27 

103 

20 

108 

27 

III 

oil 

8 

88 

16 — 

38 

86 

88 

23 

88 

29 

010 

111 

6 

49 

68 — 

60 

21 

60 

6 

60 

24 

111 1 

eIOI 

6 

86 

41 — 

86 

86 

86 

7 

86 

7 

101 

010 

6 

98 

1 — 

94 

6 

98 

84 

98 

29 

100 

001 

17 

90 

9 — 

90 

67 

90 

21 

90 

24 

loll 

lOOl 

16 

46 

69 — 

47 

41 

47 

17 

47 

17 

100 

101 

0 

42 

26 — 

48 

17 

42 

61 

1 

101: 

tOOl 

6 

47 

16 — 

47 

60 

47 

84 

1 


Parabrtmobcnxemavlf^ CaH 4 Br.S 0 aCl. — ^Meaaurable orystals were 

obtained from a mixture of benzene and h(^t petroleum 
System* Monosymmetrio. 

Axial ratios a i : e as 0 820 : 1 2 074 /9 as 83' 13'. 

Forms observed {001}, {lOT}, {Oil}, {012} 


Angle 

No of 
obeerratioDs 

Limits 


CalouUted 

101 

101 

12 

48® 

27' 

— 48® 

12' 

42® 

67' 


101 

fOOl 

24 

116 

44 

—117 

86 

117 

21 


001 

Oil 

41 

68 

40 

— 64 

28 

64 

6 


001 

loi 

21 

62 

82 

— 68 

16 

62 

47 

62® 

89' 

Oil 

loi 

88 

77 

62 

— 78 

64 

78 

84 

78 

27 

Oil 

lor 

86 

101 

1 

—101 

66 

101 

28 

101 

88 

Olli 

Oil 

19 

61 

24 

— 62 

11 

61 

42 

61 

48 

OUi 

012 

6 

17 

63 

— 18 

6 

18 

0 

16 

17 

0X2 1 

lOOl 

T 

46 

23 

— 46 

14 

1 " 

68 

46 

49 


The corresponding bromide was not obtained m measurable form 
P<mArm^fAenMnmifhmam%de, CeHtBr SOt.NH»— This amide was obtained 
in measurable form from a solution m acetone. 

System. Monosymmetne 

Axial ratios : a ; 3 e 0*628 * 1 0*601 as 81** 4'. 

Forms observed* {100}, {101}, {210}, {111}, {121}, {012}, {111}. 
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Angle 

No of 
obeermUona 

Limita 

Mean 

Oaloulatod 

010 

r 

210 

46 

72“ 

12' 

—78“ 

16' 

72 

46 


010 

012 

86 

78 

4 

—78 

68 

78 

27 



012 

loo 

12 

81 

6 

-81 

48 

81 

26 

- 

012 

012 

20 

82 

44 

—88 

81 

88 

6 

88** 

6' 

210 

100 

26 

16 

43 

—17 

46 

17 

18 

17 

14 

100 

012 

11 

M 

12—88 

60 

08 

84 

08 

84 

210 

2l0 

18 

34 

6 

—84 

61 

84 

80 

84 

26 

010 

121 . 

66 

46 

8—47 

21 

46 

60 

46 

57 

121 

ISI 

82 

85 

62—86 

64 

86 

14 

86 

6 

010 

la 

4o 

67 

49 

—68 

40 

68 

11 

68 

18 

111 

III 

21 

48 

1 

—43 

64 

48 

88 

48 

84 

111 

121 

2 

17 

66 

—18 

1 

17 

68 

18 

1 

111 

101 

2 

24 

82 

—26 

2 

24 

47 

25 

2 

I2t 

1 

101 

2 

42 

60—43 

SO 

48 

14 

48 

a 


An eleotnc discharge from opposite ends of an axis was obtamed from 
crystals of several crops of this substance 

Fardb'romobenzenemlphamltde, CtHiBr SOg NH CgHt- — This substance forms 
hemimorphic, orthorhombic crystals of very peculiar habit the measurements 
are therefore withheld until it has been submitted to further study. 

The corresponding paratoluidide appears to resemble the conespondmg 
ohloro'denvative very closely 

Panodobenzeneaidphonw cMonde, C«H«I SOiCl-^This chlonde was deposited 
m measurable crystals from a xmxture of benzene and light petroleum. 


System Monosymmetnc 

Axial ratios a h 0^:0839 1 2074 /9 s84<>38' 

Forms observed. {001}, {lOl}, {111}, {011}, {012} 


Angle 

No of 
obaerrationa 

Limits 

Mean 

Oaioulated 

001 *011 

28 

08“ 48'— 64“ 87' 

84“ 8' 


oil • 101 

21 

101 6—101 66 

101 16 

_ 

lOl 111 

14 

56 20 — 66 18 

66 40 


oil 1 loi 

22 

78 36 — 78 67 

78 44 

78“ U' 

oil 012 

7 

18 2— 18 21 

18 0 

18 4 

012 1 001 

7 

46 80 — 46 4 

45 68 

46 64 

001 lOl 

18 

116 22—116 46 

116 28 

116 86 


The bromide, amide, anilide, and paratoluidide of the iodo<aoid were also 
prepared, but not obtained in measurable form. 

C^TtoiiwnsentparaaufpAonu! uetd.— This amd was prepared by 
Hartmann and Mnokenfuss* from the patasulphonanude of benzoic and. 
It 18 more easily prepared from diazobenzenesulphonio anhydride by 
* ‘ Amer. Chem Joum 1886, p 160. 
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treatment with ouproos potassium ojamde The method adopted was as 
follows * 17 grm of sulphanilic ami^ were diazotised 1^ sodium mtnte in the 
usual way , the diazo-compound was then made mto a sludge with water and 
added slowly to a previously prepared eoU solution of cuprous C3ranide (made 
by adding gradually a hot solution of 56 grm of potassium cyanide in 200 c c 
water to a boiling solution of 32 grm of crystallised copper sulphate in 
200 ac water) It was found to be important to keep the temperature 
below 20° while adding the diazo-oomixiund Finally, the cold mixture was 
acidified with hydrogen chloride (to decompose the cyanides) until no 
further precipitate of cuprous cyanide was produced The solution was 
boiled to remove hydrogen cyanide and the liqmd concentrated after the 
cuprous cyanide had been filtered off The solid product was extracted with 
hot methylated spint, in which the potassium cyano-sulphonate is soluble. 
The amount of sulphonate finally obtained as a orystallme, almost colourless 
salt was about 70 per cent of the theoretical amoimt calculated from the 
diazo-compound 

J*aracyanoietiee7ieaulj>hoeA/ortde, CeHi(ON) SOjCl — This chloride crystallises 
readily in measurable form from benzene 

(Found 01 (sulphonic) 17 6 per cent , N 7 per oeut , CtHiCN SOaOl 
requires Cl (sulphonic) 17 69 per cent. , N 6 93 per cent ) 

System Orthorhombic. 

Axial ratios a : b e =: 1 139 ' 1 1 709 

Forms observed. {001}, {111}, {110} 


Anglo 

No of 
obMiratiou 

Lxmttfl 

Mean 

Calculated 

001 ) 111 

86 

48° 48° SO* 

er s 

48” 4' 

111 110 

47 

46 86— 47 80 

40 00 


110 1 111 

88 

106 4—106 86 

100 14 


110 1 111 

88 

74 86 — 74 69 

74 40 

74 46 

110 no 

18 

67 4— 67 48 

07 88 

67 88 

no no 

28 

118 18—112 60 

118 80 

118 8S 


J^roeyanobemeMtu/pAonarntde, 0«H|(CK).SO>NHa — ^This amide ciyatal* 
lises readily in measurable form from acetone, it is easily soluble m hot 
water 

System* Orthorhombic 

Axial ratios a b.e ss 0 793 : 1 : 0*637 

Forms observed {010}, {110}, {Oil}, {101}. 
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Aai^e 

No of 
obiervatioiu 

Limiti 

■ 

Mmu 

CUenlfttod 

010 I Oil 

82 

61’ 18'— 62* 14' 

61* 85' 


oil 101 

16 

68 40-- 64 10 

68 66 


oil oil 

20 

76 26 — 77 2 

76 48 

76* SXf 

oil loi 

16 

116 46—116 27 

116 9 

116 6 

101 101 

7 

67 40— 68 28 

68 6 

68 16 

101 lOl 

H 

111 30—112 16 

ni 68 

111 44 


Ciystala of this substance, like those of the other amides measured, (pive 
an electric discharge from opposite ends of an axis 
The magnesium salts of the three acids containing halogen were also 
prepared in order to compare them with the benzene- and diohlorobenzene- 
Bulphonates considered in Part IV. The structure of these and the 
corresponding ferrous and cobalt salts is disoussed m Part VII 
Well developed crystals of the three salts were obtamed m the form of 
thick pnsms by the slow evaporation of aqueous solutions at 25** C. All 
three salts are closely isomorphous and contain six molecular proportions of 
water of crystalhsation 

(C#H4BrSO*)aMg 6HaO — ^Water found 18 56 percent , calc 17*88 pw cent 
(C,H4lS08)*Mg6H,0 — „ 1489 „ „ 1647 „ 

A determination of Mg in the dehydrated Br-salt gave 496 per cent. Mg 
The formula (C)iH4Br S08)8 Mg requires 4 90 per cent li^ 

faraehlmiAemenmdphonaU, (C«H 4 C 1 80s)8l^ 6HaO. — 

System: Monosymmetnc 

Axial ratios * a 5 ■ c ss 3 6870 . 1 0 9223. /9 s 93° 12'. 


Forms observed o{100},r{101},*{101},d{301},m{110},«{310},j{011} 


Anglo 

No of 
obfomtiona 

Limitii 

Mom 

Ooloulfttod 

100 

(810 

16 

60* 

40'— 

61* 

4' 

60* 

68' 


810 

1 110 

8 

28 

64 — 

28 

69 

28 

66 

28* 

64' 

810 

iSlO 

e 

77 

66 — 

78 

84 

78 

18 

78 

16 

101 

|810 

11 

79 

18 — 

79 

83 

79 

10 


810 

ifol 

11 

100 

20—100 

46 

100 

40 

100 

89 

lOO 

i801 

8 

61 

0 — 

51 

68 

51 

10 

61 

81 

801 

ilOl 

8 

81 

12 — 

21 

41 

81 

84 

- 

100 

.101 

0 

78 

88 — 

58 

10 

78 

44 

72 

65 

101 

I XOl 

6 

27 

88- 

28 

0 

87 

41 

27 

84 

101 

tloo 

6 

106 

66—107 

84 

107 

6 

107 

6 

XOl 

iloo 

6 

79 

11 — 

79 

83 

79 

86 

79 

ai 

101 

lOU 

1 


« ■ ■ ■ 


44 

0 

44 

80 

Oil 

ilio 

1 



- 


60 

80 

60 

6 

110 

iioi 

1 



- 


86 

80 

86 

84 

810 

ilio 

1 


MV- 

* 


64 

86 

84 

88 


2 X 


TOb 
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Magnesium parabiKmobemenesulphgnatt (CaH4BT.SO|)aB4g.6H]0 — 
System Monosymmetrio 

Axial ratios a 6 * c s 3 7380 1 0*9094 as 93° 61'. 

Forms observed a{100}, r{101}. sflOl}, mfllO}, »i{310}. yfOll}. 


Anglfi 

No of 
obaerrations 

lasuts 

Mean 

Oaloulated 

100 

310 

31 

51^ 

1'— 

er 

dty 

61* 

16' 

_ 

810 

110 

16 

88 

27 — 

28 

81 

28 

41 

28* 

46' 

810 

aio 

0 

77 

28 — 

77 

46 

77 

87 

77 

80 

810 

no 

n 

88 

48 — 

84 

4 

58 

52 

68 

44 

110 

no 

3 

80 

18 — 

80 

18 

80 

14 

26 

68 

101 

310 

17 

79 

7 — 

76 

SO 

79 

17 

- 

310 

lOl 

16 

100 

30—100 

46 

100 

40 

100 

48 

100 

101 

8 

72 

28 — 

73 

10 

72 

46 

72 

48 

101 

loi 

K 

107 

24—107 

36 

107 

14 

107 

17 

101 

oil 

11 

48 

46 — 

44 

10 

48 

68 

- 

oil 

no 

9 

50 

17 — 

60 

82 

60 

26 

60 

24 

no 

lor 

8 

86 

88 — 

86 

66 

86 

46 

86 

86 

no 

101 

7 

64 

8 — 

64 

26 

64 

16 

64 

22 


Magnesium parwdobenzenestUphionaie, (C«HtI S 03 )|Mg 6H|0 — 
System Monosymmetrio 

Axial ratios a » c=:3 7965 1 09148 /9*93°1' 


Foims observed a{100}, r{101}, d{801}, «i{110}, n{310}, j{011}. 


1 

1 Angle 

No of 

I obierrationH 


Limits 


Mean 

Oaloulated 

100 

810 

17 

61* 

88'— SI" 

SO' 

61* 

41' 


810 

110 

11 

28 

26— 28 

86 

28 

81 

28* 

84' 

810 

810 

6 

76 

82—76 

88 

70 

86 

76 

88 

810 

no 

11 

62 

68— 63 

10 

68 

2 

68 

4 

110 

no 

4 

29 

27— 29 

36 

26 

80 

26 

80 

TOO 

101 

5 

78 

84- 78 

40 

78 

87 


100 

801 

8 

62 

10— 62 

46 

62 

26 

62 

10 

801 

101 

8 

21 

16— 21 

28 

21 

20 

21 

27 

101 

loo 

8 

106 

16—100 

28 

AOO 

20 

106 

28 

1 801 

810 

i 10 

67 

27— 07 

46 

07 

86 


810 

on 

10 

62 

18— 62 

46 

62 

26 

52 

42 

Oil 

SOI 

10 

69 

48— 69 

66 

62 

60 

56 

86 

x 
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Morphological Studies of Benzene Dervoatvoes — ^VII. 2%e Corre- 
lation of the Fomii of Crystcda with their Molecular Structure 
and Orientation in a Magnetic Field in the Case of Hydrated 
Sulphonates of Dyad Metals. 

By Henrt E Armstrong, F.B S , and E H Bobd, D Sc 
(B eceived and read May 28, 1914 ) 

In Part V of these Studies* much evidence was adduced allowing that a 
close relationship is traceable between the substituted sulphonic chlorides 
and bromides generally of the form CeHsBiBg SOaX, as these may all be 
referred to equivalence parameters, laiyiug between narrow limits, similar 
in two directions to those deduced fur benzene itself, tlie cliange in the 
third being such as may be expected to follow from the introduction of the 
group SOaX 

It 18 obviously desirable to consider also cases in which X is a more 
complex radicle than either Cl or Br A few of these have been discussed 
in Part V Certain bcnzenosul^honates were considered in two previous 
communications of the senes f apparently the results justify conclusions 
in harmony with those amved at in the case of the simple siilphoohlondes 
and bromides But in view of the marked iniluonoe which halogens exert 
on the properties of the bensenesulphomc acids and of the manner in which 
the amount of “ water of orystallisation ” often varies as the metal is varied. 
It appeared to be desirable to study sulphonates generally as systematically 
as sulphonic chlorides and bromides have been studied 

We have directed our attention specially, m the first instance, to sidts of 
dyad metals, on account of the observations made with reference to these 
salts in Part IV — for the following reasons Of late years much attention 
has been paid to the so-called complex salts, particularly by Werner, who 
has obtained results of very special interest. Such salts are formed with 
peculiar readiness by metals of the iron group The formulae which Werner 
has introduced, though satisfactory up to a certam point as s^n^bolio 

* *< Morphologiqal Studies of Beaceuo Derivatives V —The Correlation of GryatoUine 
Form with Molecular Structure ; a Teiification of the Barlow Pope Coneeptioa of 
* Valency-yolume,’ ** by Henry E Armstrong, B. T Colgate and B H Bodd, ‘ Boy. Soe 
Proe A» vol. 8(^ pp. 111-173 

t " III — Paradibromobensenesulphonates (Isomorphoua) of the 'Bare Barth’ 
Elements— a Means of determining the IhreotionB of Valency in Tervalent Ekments,* 
by Henry E. Armstrong and E. H. Bodd, t&«i, voL 87, pp. 904-817 ; " IV —The Crystal' 
line Form of Sulphonates in Belation to their Molecular Strueture,* by B H Bodd, ibid, 
voL 88, pp, S89-81& 

VOL. XO— A. 2 L 
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expreBSiona of the chemioal behavic^iai of the salts, oanuot be regarded as 
satisfactory or perhaps even as possible representations of their molecular 
structure We stand urgently in need of special methods of determmmg 
structure in such oases , the study of salts formed by the metals referred to 
in various ways is therefore of particular interest 
We have represented (No. IV, p 310) the structure of sulphonates of 
the dyad metals provisionally in the manner shown m fig 1, in uhich the 
shaded portion represents the region occupied by the sulphonic radicles and 

the water of crystallisation, the metal being 
at the “ centre " of the system * 

Assuming the metallic atom to lie placed 
at the “centre** of the system in the 
manner shown, it appeared probable that 
the direction in which the metallic atoms 
were stacked in the crystal might prove to 
be one liavmg special properties, in the 
case of a magnetic metal such as iron, for 
example We had m mind Faraday’s 
demonstration of “ magiieciy'^stallic iiolanty *’ 
wT in vanouB Bubstanoes, notably in fmouB 
Bulphate 

In the expectation that the z parameter 
would prove to be such an axiB, we 
determined the effect of a magnetic field on 
Beveral ferrous Bulphonates. On Bounding 
the crystalB between the poles of a magnet 
of moderate strength, so that one or other of 
the three axial directions was m a vertical 
position, the direction of maximum magnetic permeability was fonnd to 
be along x when the crystal was suspended with either y at z vertical, 
and along y when x was verticid, therefore at right angles to the 
z parameter In tlie case of ferrous sulphate, as stated by Faraday, we 

found that the mystal was affected specially in only one direction. On 
ft ynniining salts of the other magnetic metals, however, we found their 
magnetic behaviour to be so different from that of the iron salts that we 
have been led to devote our attention more particularly to the problem 
thus diBolosed, eapeoially as the property referred to has proved to be of 
unexpected sigmfioance aa an aid to the interpretation of cxyatalline form. 

* It u neoemry to mslw slight ohaagss in the figoM if it is to oonsaiNmd to the 
values given Inter on (p, 48B), 
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In our experiments the comparison has always been made between 
stnctly isomorphouB salts The salts compared have been sulphates, double 
sulphates of ammonium and the dyad metals, benzene- and tolnene- 
sulphonates, parachloro-, parabromo- and panodobenzenesulphonates. 
Certain other salts of different type liave also been examined tentatively. 

Hitherto we have made only quahtative observations It so happened 
that the magnet with which we made our first expenmente affected iron and 
cobalt salts readily but was without pero^bble action on the corresponding 
salts of zinc and magnesium and even on tliose of manganese , salts of 
nickel were but slightly affected, as were those of copper and to about an 
equal extent The salts that were unaffected by this magnet could be 
directed by a stronger field 

The electromagnet used has fiat poles focing one another, 6 4 cm. apart , it 
was found necessary, however, to concentrate the field by facmg each pole 
with a rectangular block of soft iron, thus reducing the distance between the 
poles to 1 9 cm The flux density of the held used was 2400 hnes per 
square centimetre The area of the face of eaoli pole (7*7 x 4 75 cm ) was 
such that the field between them must have been sensibly uniform The 
crystal to be examined was suspended, so that free rotation was possible, 
from a siutable support, by a smgle strand of artificial silk fastened by 
means of a hook of copper wire to a paper stirrup The crystal could be 
fixed m any desired position upon the stirrup by means of a tiny pellebof 
plasticme or vasehne 

Faraday’s original observations were made with bismuth and were sub- 
sequently extended to ferrous sulphate and a few other substances. At 
about the same time, PlUoker carried out similar expenmenta pnncipally 
with mmerals. 

Faraday formed the opinion that crystals possess what he termed a 
magnecrystaUic axis In some cases, this axis set along the hnes of force — 
axxaUy, in others at right angles to the hnes of force — epuOonaUy, ferrous 
sulphate, a magnetic salt, behaved in the former manner , bismuth, a stnmgly 
diamagnetic substance, in the latter * 

Plflcker was of opinion that a definite relationship was traceable between 
the magnetic and the optical properties of crystals. Hu views were 
adversely cnticised by Knoblauch and Tyndallf and at a later date, Grailicb 

* ' Electnoal BsMarehes,’ 1848-186(\ xzii, zxiu, xxvi. ' 

f 'Phil 1^.,’ 1860, p. 1 The whole of Tyndall’e work (1860-1866) on the eubjeot u 
pablisbed m a epecial volume, 'Diauugnetiem and hlegneoryetalhc Artion* (Longmans, 
Oreen and Co., London) • 


2 1 . 2 
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and von l^ng* also came to the concinsion that there is no obvious relation- 
ship between the optical and magnetic properties of crystals. 

According to Knoblauch and Tyndall, a relationship uxists between the 
direction of the cleavage plane of a crystal and the manner in which it sets 
in the magnetic field , all the crystals they examined, whether paramagnetic 
or diamagnetic, set in a definite manner when the field was sufficiently 
powerful In tlie case of paramagnetio substances, the cleavage plane set in 
the axial plane, i e with the perpendicular thereto across the lines of force , 
whilst in that of diamagnetic substances this plane was found to set m the 
equatorial plane, with its perpendicular along the lines of force from pole to 
pole Of the few examples adduced lu support of this view, the most 
striking are those afforded by the isomorphonB sulphates of magnesium, /ino 
and nickel , the first two are diamaguetio and set with the cleavi^ plane 
equatorially the last is paramagnetic and sets with its cleavage plane 
axially 

The first crystal which we exammed, one of ferrous toluenepaiasnlphonate, 
proved to be an exception to the principle enunciated by Knoblauch and 
Tyndall, as it set with its cleavage plane in the equatorial plane, a behaviour 
characteristic, according to them, of diamagnetic substances Many similar 
exceptions were subsequently discovered Even ferrous sulphate sets with 
Its cleavage plane in the equatonal plane, a foot unaccountably overlooked 
by Tyndall, Faraday having described its behaviour in the magnetic field as 
accurately as was possible without mentioning crystallogiaphic details To 
judge from our observations, the direction of maximum permeabihty in para- 
magnetio substances may lie either m the cleavage plane or perpendicular 
thereto and m some oases, the cleavage plane sets either axially or equa- 
tonally according to the direction m which the crystal is suspended. 
Apparently no simple relationship obtains between the cleavage plane and 
the magnetic properties of crystals The apparent connexion no doubt anses 
from the fact that both the direction of maximum permeabihty and the 
cleavage plane or its perpendicular are important direotionB in the crystal 
structure. 

The only systematic attempt that has been made to determine the 
onentatioa of crystals in a magnetic field with respect to their oiystallo- 
graphic axes appears to be that of Grailich and von Langf Theee authors 
examined over 30 orthorhombte substaaces, by suspending them successivaly 
with the axes n, b, and o m the vertical position, then observing in each oaas 
which of the other two axes set axially and which equatonally. Apparently, 

* ‘ Sitcungsber. Akad Wim Wien,' voL 83, p 480 (1858). 

t JLoe ett , Tol 32, p 43. 



Mol'phologioal Studies of Benzene Derivatives. 467 

however, they chose their material m a haphassaid mannoi consequently no 
general oonolusions can be drawn from the observations They devised a 
system of symbols to indicate the magnetic propeities of a crystal If, in 
the case of a paramagnetic substance, the strongest tendency were for the 
axis 1) to set axially and if, when h was vertical, a set axially, the symbol 
w (bac) was given to the substance, ir denoting a paramagnetic substance and 
the order of the letters tlie order m whicli the axes stand with respect to 
their {K)wer of transmitting the magnetic force In the case of diamagnetic 
substances, the symbol S is used instead of tt, the order of the letteis 
indicating the power of transmitting diamagnetic force,” the first letter 
indicating which axis sets equatorially with the greatest force Not only is 
the assumption of two knuls of magnetic foice, diamagnetic and para- 
magnetic, uuwarrauted but the system of symbols does not apply, in many 
cases, to monosymmetrio crystals, which sometimes set with a direction 
between the crystallographic axes along or at right iiiiglca to the lines of 
force 

The MoAjnctic Properties of Salt^ of Ih/ad Metals 

For the purposes of this inquiry, we have specially prepared and measured 
iron, cobalt and nickel salts ' of benzenesulphomc, tolueneparasulphonic. 
parachloro-, bromo- and lodobenzonesulphonic and paradichlorobeuzene- 
BulphoniG acids The observations made with these and other similar salts 
are recoided in this section 

Fenoas sidpheUc, FeSO^THaO — This salt is moiiosymmetric , the axial 
ratios are — 

a 6 f = 1 1828 1 1 5427 /9 = 104® ISJ' 

There u a perfect plane of cleavage parallel to <*{001}, 

When the crystal is suspended from any pomt in the zone ah, so that 
cjOOl} 18 in a vertical plane, it sets very strongly with the face ({OOl} 
parallel to the pule of the magnet, i e , m the equatorial plane , when suspended 
BO that c{001} IB honzontal, the axis h sets axially but is weakly directed 

Cdbait sulphate, CoSOiTHgO — This salt is isomorphous with ferrous 
sulphate. 

a‘l 11815 1.15325 ^9 s 104® 40' (Mangnac) 

The plane of cleavage is r{0Ql} 

When the crystal is suspended in the magnetic field with its cleavage 
plane vertical, this plane sets axially. In the case of ferrous sulphate, the 
cleavage plane sets equatorially 

When the cleavage plane is horizontal, the axis 5 sets equatorially, the axis 
a setting in the axial direction. 

Fefrom ammommi mlphe^e, F 6 S 04 (NH 4 )aS 04 . 6 H, 0 — ^Ihis snbstance has 
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recently been subjected to an exliauative crystallographic examination by 
Tutton* , our measurements of well developed orystals, made before we 
became acquamted with Tutton’s work, agree precisely with hu 
The double salt is monosymmetric, the axial ratios being * — 

a 6 -rs: 0-7377 1 04960 /8 a 106“ 60'. 

The crystals cleave fairly readily parallel to i {201} 

The behaviour of the crystals in a magnetic field is highly interesting 
The most important plane in the crystal (magnetically) is r{20] } So long 
as the crystal is suspended with r{201} in a vertical plane, the crystal sets 
strongly with this plane in the axial plane, the perpendicular thereto setting 
across the hnes of foi-ce If, however, the plane r{201} be horizontal, the 
crj'stal sets weakly with the axis of symmetry h across the hnes of force. On 
contrasting these results with the observations of St Meyer, as interpreted 
by Tuttonf, upon the crystalUsation of this salt ui a magnetic field, it 
appears that tabular crystals are formed, growing on >{201}, which are all 
so deposited that the shorter diagonal, which is parallel to the plane of 
symmetry, coincides with the direction of the lines of force The crystals 
are therefore orientated precisely as they set when suspended in a magnetic 
field so that r{201} is horizontal It may well be that such crystals are 
first formed floating freely in the liquid and are onentated before they take 
up a stationary position upon the bottom of the vessel 
Our obseivations also raise anew the question, which was discussed by 
Tntton, as to the correct setting of orystals of this salt and of other members 
of the series G Wulff,J on account of the remarkable predominance of the 
form r{20l} in ferrous ammonium sulphate, considers this to be a 
fundamental form and proposes to make it the basal plane <*{001 } Tutton, 
however, taking into account the complete isomorphous senes to which this 
salt belongs, prefers to adhere to the onginal setting proposed by Murmann 
and Hotter § Our observations, however, emphasize the importance of the 
plane rl^Ol} particularly in the cases of ferrous and of cobalt ammomum 
sulphate This evidence, together with the foot that the plane is the 
principal cleavage plane tlirougbout the senes, inchnes us to prefer WulfTs 
sotting Further discussion of this point must, however, be reserved 
Cohalt ammomum mlphate, CoSOi (NH 4 )|S 04 6HsO — ’The axial ratios of 
this salt, according to Mangnao, are — 

a-b -cmO 7892 1 • 0*4985 0 m 106“ 56'. 

* ‘ Boy Proc. Soc.,’ A, voL 86, p. 36 (1818). 
t Op ott , p, 366 

t 'Zeita far Eryst vol 34, p. 466 (1901). 
g ' Sitzungsber d Akad. d. Wim. Wien,' voU 34, p. 163 (1888). 
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We find the magnetic behaviour to be directly opposed to that of the 
isomorphoua ferrous salt The cleavage plane ^{SOl}, when in a vertical 
plane, always sets in the equatorial plane very strongly with its 
perpendicular along the hues of force , when r{201} is horizontal, the axis 
of syiiimetry b sets axially, along the lines of force 

C(Mt ammonium stlenate, CoSeOi^NH 4 )aSe 04 GHgO — ^This salt oorre- 
sponds in magnetic behaviour with cobalt ammonium sulphate The tendency 
of the axis b to set axially when r{201} is horizontal seems, however, to be 
weaker than in the case of the sulphate Sudi observations ore evidence of 
the need of quantitative experiments in connection with the work 

NtdM ammonium sulphate ami Copper ammonium smlphaU — ^These two 
isoniorphous salts behave similarly when suspended in the magnetic field. 

(1) When e{001} is horizontal, the axis h sets eqnatorially 

(2) When the plane a {100} is horizontal (this face not being developed), 
the axis b sets axially 

(3) When the axis b is vertical, the plane a{100} sets in the equatorial 
plane 

The point of interest about these observations is that, whereas m the case 
of the isomorphous ferious and cobalt salts the plane r{^l} sets in the one 
case axially and m the other equatonally, m the nickel and copper salts this 
plane seems to have lost its influence on the settmg of the crystals, as when 
h IS vertical the plane a {100} sets equatonally 

Feirous benienenUphonaie, (C«HtS 03 )sFe 6HaO — ^Tbis salt crystalhses from 
water in well developed tablets, of a pale green colour, generally growing on 
tt{100}, thin in the dueotion of the a axis The crystals ate similar in 
appearance to those of cobalt tolneneparasulphouate (fig 3) Sometimes 
growth takes place on ^{011} or wi{110}, so that the crystals havei a 
prismatic habit 

One of the faces «({100} generally gives multiple reflections, owing to the 
presence of vicinal faces The reflections from the other forms are usually 
good, particularly from ${011}. 

The cleavage is perfect parallel to a{100}. Twinmng occurs on a{100} 

The crystals are affected even by a weak magnetic field , their behaviour, 
deduced from that of many specimens of different shapes and sizes, was very 
uniformly as follows — 
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1 

Setting 

lu magnetic field 

VfrtlOOl HXl# 1 

1 

1 

Axial 

j Kquatoml 

a 1 

A 

1 

* 1 

a 


c 1 

1 

a 

i * 

1 


The axis a tends strongly to set axially This is well shown on suspending 
the crystal with b horizontal and a inckned at various angles to the vertical , 
the tendency of a or its horizontal component to set axially then opposes the 
tendency of i to set axially, but b is always forced into the equatonol 
position until a is but slightly incliued to the vertical Then, as a approaches 
closely to the vertical, the crystal sets with h in the axial position 
When the axis a sets axially, the face a{100}, which is the cleavage plane, 
18 in the equatorial plane According to Knoblauch and Tyndall’s rule, os 
the salt IS paramagnetic, the cleavage plane should set in the axial plane 

System Monosymmetric 

a 6 t = 3 5690 1 1 1058 /3 = 86° 18' 

Forms observed o{100}, w{110), «{310}, (/{Oil}, s{301}, cr{301), and, 
rarely, /9{101} 
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CebaU hengenmUphonate, {CtHtS08)3Co6H|0— Thu salt has the aafna 
general habit as the ooxTespondiug ferrous salt The oleavi^ la perfect 
parallel to a{100}. Twinmag occurs on a{100}. 
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Tlie direction of greatest magnetic permeability is that of the r axis, which 
in the ferrous salt is the direction of least permeability 


Vertical axi» 
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It 18 to be rioted that the direction of greatest pormeahihty in this salt lies 
in the cleavage plane, whilst m the ferrous salt it is perpendicnlai to this 
plane The cleavage piano, when vertical, sets in the axial jdane 

System Monosymiuetiic 
a b ( = J 5560 ; 1 1 1086 /8 = 86° 7' 

Forms observed a{100}, m(110j, «{310), y{011}, «{301}, o-{30iy, and, 
rarely, ^{lOl} and p{101} 
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JNidel bemenesulphanate, (C6H«S08)sNi 6H|0 — ^This salt forms heantitul 
daik green crystals very similar in habit to those of the corresponchng 
ferrous and cobalt salts 
Cleavage perfect |iaxallol to a{100}. 

The crystals are affected by a magnetic field but very feebly in comparison 
with those of the ferrous and cobalt salts It differs in behaviour f!rom both 
of these. The axis b is the direction of greatest permeability: when 
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suspended with b vertical^ the axis a appears to set axially but with veiy 
feeble force 

I Setting 

Vertical axis 

Axial Senatorial 

a I c 

6 a f* 


System Monosymmetric 
a b c = 35476 1 11076 j8 = 86° 9' 

Forms observed a{100}, »t{110}, a{ 310}, ^{Oll}, «{301}, o‘{301}, 
/ {101}, and p{I01} 
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Ferrmu toluenepanmiphonate, (C«H4CH3S08)jFe.6H*0. — ^This salt crystal* 
lises generally nr small square plates of a pale green colour, growmg on 
m{ 100} and truncated at the corners by ^{Oll} (fig 2) Large orystals were 
not very easily obtained. 

The cleavage is perfect parallel to aflOO} Twinning occurs on «{100} 
The magnetic behaviour oorrespouds exactly with that of ferrous bensene* 
snlpbonate 

System Monosymmetric 
a 5* c«! 39972 : 1 . 11061. jS = 88° 37'. 

Forms observed: a{100}, ^{llO}, 2 { 011 }, «{301}. <r{801), r{101},p{101}, 
and, rarely, n{810} and j){210}. 
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Fio 2— Ferrouft tolueneparasnlphonate 


I 

c 



Fig 3 — Cobalt tolueneparaaulphonate 


CobaU MimsparastUphonate, (C 6 H 4 CHaSOs)sCo 6H«0 —Crystals of this 
salt are very similar to those of the isoinorpbons ferrous salt, but the form 
^{011} grows to a greater relative size and the crystals are more massive 
than those of the ferrous salt (fig 3). 

The cleavage is perfect parallel to a {100} Twinning on a{l(X)} 

The magnetic behaviour of the salt corresponds with that of cobalt 
benzenesulphonate. 

By far the strongest tendency is for e to set axially. 


System: Monosymmetno 
a 39903: 1.1*1080 /9x:88”17'. 

Forms observed* o{100}, »i{110},j»{310}, fi{011}, r{101),p{I01},s{801}, 
and ^{SOl} 
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Nirlcl toluoieparasulphonate, (CoHiCHiSO'i)^^! 611^0 — This salt crystal- 
lines m tablets similai to those formed by the ferrous aud cobalt salts The 
Irequent appearance of the form {210} is tn be noticed, this form haMng 
been observed only once on crystals of the ferious salt and not at all on those 
of the cobalt salt 

Cleavage parallel to a{100} 

The axis h is the direction of greatest magnetic permeability 
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System* Monosymmetno 
a I CB 39949 1*11089 /3 s88’3ir 

Forms present a{100}, m{110}, n{210}, p{310}. y{011}, «{301}, <r{301} 


Morphological Studies Benzene Derivatives. 
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Magimtam, ztnc aiui manganrse tohieiirpnramlphotuiits — In determining 
the behaviour of these salts a inoie powerful electromagnet was used than 
in the case of iron and cobalt salts An improvement in technique was 
also effected by substitutmg a thiead of cocoon silk for the coarser artificial 
silk fibre which had sufficed in tlie earher experiments, nnder these 
conditions, the crystals of the three salts responded readily to the magnetic 
force All three behaved alike in the following mannei — 
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The three salts, therefore, correspond m their magnetic behaviour with 
the iBomorphouB nickel salt and with nickel benzenesulphonate. 

S<dt8 of hemenetidphontc aetda eontatnvng halogen tn the para-pontion — 
The magnesium salts of parachloro-, parabromo- and panodobensefie- 
sttlphonio aotd, orystalhsing with six molecules of water, measured by 
Mummery (Part VI, ante, p 455), form an isomorphous senes with the 
following salts ■ — 

a h c 

(C«H«.ClS08)«Fe.6H,0 . 36781 1 • 0’9094 94"21J' 

(CaH«GlS08)sCo6HiO .... 36603*1.0*9071 93 46^ 

(CaH4.BrS08)sFe6Ha0 . . 3*7293 1 0*9104 94 261 

(C«H 4 BrS 03 )iC!o. 6 HaO . 37103.1:09087 93 69 

(CaH 4 .BrSOs)iNi. 6 HsO 37316:1.0*9139 94 34 

(C«H4.1S0^sFe.6H«0 37866*1:09086 93 36 
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The salts of the parachloro-acid a>e readily soluble in water, those of the 
bromo-acid are less soluble, the lodosulphonates are but slightly soluble 
The ellect of the halcyon in influencing the rate at which the oxidation of a 
solution of the ferrous salt takes place is particularly striking, whilst a 
solution of the salt of the chloro-acid blackened m a few days, that of the 
lodo-acid was scarcely changed after several weeks 
Ferrous paraMorohemetusulphonate, (C8HtClS03)>Fe 6H3O — This salt gene- 
rally fonns tabular crystals, growing on a{100}, which is the most prominent 
form The habit is very similar to that of the cobalt salt, which is more fully 
descnlied 

The cleavage is perfect parallel to a{100} The magnetic behaviour of the 
salt 18 as follows . — 
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The cleavage plane sets in the equatorial plane, unless it be honsontal, 
exactly as it does in the case of ferrous benzene- and tolueneparasulphonste 
System Monosymmetric 
a b car 36781 1 09094. /9ss94°21f 

Forms observed a{100}, «{310}, r{101}, p{I01}, and o{211} 

p{l01} is usually poorly developed 
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Cohalt paraMtmihenMnetu^thonate, (C6Hi01SOt)iOo.6H^ — Wlien allowed 
to crystallise slowly from water, this salt separatee in vwy Tnntitin* ^iena. 
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The priBin zone comprises the forms a{100}, ? {101}, and pflOl}, sometimes 
{100} and sometimes {101} being most promment At tunes, flat plates on 
{100} developed, the habit being then strikingly similar to that of cobalt 
benzenesulphonate (figs 4 and 5) 


c 

i 



Fro 4 


b 



Fio 4 — Ooljalt parachlurobenreneHulphonato 

Fro 6 — Cobalt parachlorobenzeuesulphonate, with axes 6 and c interchanged to show 
the resemblance of the crystals to those of the tolueneparasulphonate, hg S 


There is a perfect cleavage parallel to a{100} on which form twinning 
sometimes ocoura 

The crystals are strongly affected in the magnetic field The strongest 
tendency is for the axis h to set axially, when b is vertical the tendency to 
set IB noticeably weaker . — 
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System Monosymmetric 
a:b:e»8‘6603:l 09071. |9» 93” 46^' 

Forms observed: <({100}, n{310}. »t{110}, s{011}, r{101}, p{X01}, and 
o{211}, The form m{110} is of rare occurrence 
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Feirom parabromobenzeneaulphonate, (CttH 4 ltrS 03 )]Fe 6HaO — ^This salt, 
although closely iBoinorphous wath the jaamchlorobenzenesulphonato, differs 
from the latter in general habit It forms rhomb-shaped crystals, growing on 
r{101} or 3'{011} The foui faces ot the form n{310} are proinment, 
forming the sides of the rhomb. 

Sometimes the crystals attain to a considerable suse but they are then 
opaque and very fragile 
The cleavage is perfect parallel to a{100} 

The magnetic behaviour of the crystals corresponds exactly with that of 
crystals of the ferrous parachloro-salt. 

System* Monosymmetnc 
a h c = 3 7293 1 09104 = 94® 26*' 


Forms observed a{100}, r{101), »«{110}, m{310}, 2{011}, o{211}, and 
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Cobalt parabroiJMbcnaenesulphoruUe, (C!)|H 4 BrS 03 )aCo 6HaO — In habit this 
salt resembles the corresponding ferrous salt Sometunes crystals of a 
different habit developed, small rhombs growing on a{100}, the sides of the 
rhomb being formed by crystals are suuilar in habit to those 

of the benzenesnlphonate 
Cleavage perfect parallel to a{100} 

The magnetic behaviour of the crystals corresponds with that of cobalt 
parochlorobenzenesolphonate 

System * Monosymmetnc 

ffl h c = 37103 1 0*9087 = 93 '^ 59 ' 

Forms observed a{100}, r{101}, »f{ll0}, «{310}, </{011}, o{211}, and, 
rarely, p{i01} and o>{211} 


Angle 

No of 
obiervattons 

Limits 

Mean 

observed 

Calculated 

100 

101 

24 

72“ 

26 

—72“ 

40^ 

72“ 

80^' 



100 

810 

35 

60 

68 

—61 

4 

50 

58i 

- 

.. 

310 

110 

13 

23 

61 

—24 

1 

28 

65 

23“ 

64'4 

110 

XIO 

6 

80 

7 

—80 

18 

30 

14 

30 

14 

101 

t3l0 

17 

70' 

1 

—79 

8 

79 

4 

79 

64 

101 

211 

22 

89 

48—40 

0 

89 

64 

- 

211 

no 

5 

46 

81 

—45 

42 

46 

86 

45 

86 

110 

on 

5 

60 

34 

—BO 

42 


88 

60 

36 

oil 

Tol 

28 

43 

49— as 

58 

48 

64i 

48 

66 

211 

on 

19 

90 

8 

—96 

17 

96 

IH 

96 

11 

100 

811 

7 

67 

M— 67 

85 

67 

27 

67 

28 

211 

on 

6 

19 

81 

—19 

87 

19 

86 

19 

86 

Oil 

100 

9 

92 

61 

—93 

6 

92 

67 

92 

67 

211 

211 

2 

76 

48 

—76 

60 

76 

49 

76 

48 

Oil 

on 

4 

84 

16—64 

30 

84 

26 

84 

23 


Ifxekelpanibivnibbemenmtlph<)mte,(CiHiBtSOtt)a^i5'B.f > — ^The salt forms 
beautiful, dark-green crystals having the some habit as the ferrous salt. The 
angular measurements obtained from dififorent crystals were exceptionally 
constant 

The cleavage is perfect parallel to a{100}. The crystals differ m their 
magnetic behaviour from both the ferrous and cobalt salts of the same acid. 

So long as the 6 is horizontal, it sets in the equatorial position; when 
h IS vertical, an undefined plane lying between the forms a{100} and ^{lOl} 
seta in the equatorial plane. 

System. Monosymmetnc 

atb-om 3*7316 . 1 . 0*9139. fi = 94* 34' 

Forms observed* a{100}, r{101}, s{301}, n{310}, ;{011}, and o{211}. 
s(801} u rare. 
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Aagla 

No of 
ofwemtiona 

Littiito 

Kean 

obeerred 

Oalottlated 

100 

810 

28 

60® 

60'— 

61® 

... 

61® 

7*' 

61® 

r 

810 

BIO 

14 

77 

46 — 

77 

48 

77 

«4 

- 

- 

100 

101 

10 

71 

47 — 

72 

2 

71 

64 

71 

68 

lOU 

801 

2 

60 

86 — 

60 

64 

60 

46 

60 

45 

101 

801 

2 

21 

6 — 

21 

11 

21 

8 

21 

18 

101 

211 

24 

30 

48 — 

80 

60 

80 

65 

80 

644 

211 

Oil 

24 

05 

BO- 

06 

7 

06 

8 

06 

Si 

Oil 

lol 

24 

48 

BS— 

44 

7 

44 

2 


Oil 

Oil 

21 

84 

38 — 

84 

41 

84 

40 


Oil 

Oil 

21 

06 

10 — 

85 

22 

06 

20 

06 

20 

100 

211 

2 

87 

8 — 

67 

0 

67 

Si 

67 

8 

211 

on 

2 




10 

80 

19 

aoi 

Oil 

loo 

2 




08 

22 

03 

22i 

100 

oil ! 

2 

86 

88 — 

66 

no 

86 

88i 

86 

874 

211 

211 

8 

76 

61 — 

76 

68 

76 

52 

76 

62 

211 1 

t2ll 

a 

108 

7- 

L03 

ft 

108 

7i 

103 

8 


Fe'irous paTU>d(kmze7imdphonate, (C6H4lSOs)aFe 6 HiO — This salt crystal- 
lises sometimes m rhombic plates, the dominant forms being <r{100} and 
^{011} , more often laminated, opaque crystals growing on or n{310} 

are formed , these are very fragile and onsmted for measurement 
The cleavage is perfect parallel to a{100} 

In their magnetic behaviour the crystals correspond with ferrous 
paracbloro- and parabromobeuzenesulpbonate 
System Monosymmetria 
a.i‘e=s 37866 1.09086 /3 = 93* 35' 

Forms observed «{100}, /•{lOl}, «{301}, m{110}, n{310}, ^{011}, and 

o{211} 


AngU 

No of 
obeerrationi 

Zdmiti 

Mean 

obeerred 

Oaloulated 

100 

810 

24 

er 

22' 

— 61» 

40' 


88' 



100 

110 

16 

76 

2 

—76 

28 

76 


76® 

lot' 

810 

110 

14 

28 

82 

-28 

48 

28 

88 

28 

S7i 

110 

IlO 

6 

29 

80 

-29 

48 

90 

86 

20 

80 

100 

801 

8 

51 

49 

—61 

67 

61 

68 

61 

64 

100 

101 

8 

78 

1 

—78 

17 

78 

8 

78 

84 

801 

101 

a 

21 

4 

—21 

20 

21 

12 

21 

IH 

Oil 

Oil 

16 

84 

20 

-84 

28 

84 

24 


Oil 

on 

17 

06 

86 

—96 

40 

06 

87 

05 

86 

100 

211 

7 

68 

0—68 

18 

68 

e 

68 

S 

211 

Oil 

7 

19 

12 

-19 

18 

19 

xst 

10 

15i 

100 

Oil 

22 

87 

12 

--87 

38 

87 

sot 



Oil 

loo 

21 

02 

29 

—02 

47 

92 

w 

02 

an 

101 

on 

1 

8 

43 

40~-4S 

69 

43 

68 1 

48 

as 


Cobalt parwd^rmnmlpkonait, (C,H*ISOi),Co.«H,0.— We have not 
succeeded in growing crystals of this salt suitable for accurate measurement; 









Morphologiccd Studies of Benzene Derivcetives 481 

the crystals we have obtained proved to be isomorphous with the 
corresponding ferrous salt 

The cleavage is perfect parallel to a{100}. 

In their magnetic behaviour the crystals correspond with those of cobalt 
parachloro- and parabromobenzenesulphonate 

Paradtchlon^jmimiidphanatea — Magnesium and zinc paradichlorobenzene- 
sulphonates were described in Part IV and the following axial ratios were 
there assigned to them. 

a b e /3 

(CeH8Cl»S0a)»Mg8H80 .. 24539 1 29985 79® 20' 

(C«H3ClaS03)8Zn SHaO . 24450 1 29970 79 14} 

The ferrous and cobaltous salts are closely isomorphous with the magnesiam 
and zinc salts. When either of the salts is suspended in the magnetic field with 
t)ie I axis \ertical,the crystal sets with the face {101} in the equatorial plane 
in tlie case of the former, in the axial plane m that of the latter Further 
exanuuatiou of the crystals, suggested by this last observation, revealed the 
fact that rllOl) is a plane of cleavage, a fact which had been overlooked in 
the case of the zmc and magnesium salts. From these observations it would 
appear that the plane {101}, being so important a plane in the crystal 
structure, should be chosen as the pmacoid a {100} , it would then correspond 
with the {100} plane of the benzene-, toluene- and parahalogenbenzene- 
sulphonates both in being a cleavage plane and in setting equatonally in the 
ferrous and axially in the cobalt salt The change suggested involves a 
change of the interaxial angle fi, {101} becoming {100} and {001} becoming 
the new {101} The axial ratios of the four salts, detemuned from the new 
setting, are as follows . — 

a h 0 fi 

1-7562 1 20960 78° 13J' 

(0,H,CltS03)|Zii.8H30 1 7628.1 21055 78 24 

(GaH3Cl3S03)sFe8H30 . . 1 7543 : 1 . 2 1053 78 40 

(C.H«C]3SOs)sCo8HiO . . 17456 1 21084 78 15^ 

Ferrom foredwMorobmzmesulph^ (CaHs0l3S03)iFe8H30 — Good 
crystals of this salt were obtained by allowing a saturated solution to 
evaporate very slowly They were well developed, short, stout pnsms, the 
prism axis being the axis of symmetry The two ends of tlie pnsm are 
differently developed, the hemimorpbio character of the crystals being 
clearly shown. Generally the form {110} appeared at both ends : at one end 
this was acoompamed by {011} and {lll}t at the other by {012}. 
Sometimes {itl} appeared also. 

When a crystal is suspended m the magnetic field, so bng as the axis h is 

2 It 2 
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horizontal, this axis sets equatorially with great force. When h is vratioal, 
the face <({100} sets strongly in the equatorial plane. The ana c is then at 
right angles to the lines of force but the axis a is not parallel to them but 
inchned at an angle of 11° 20' because /9 is not a right angle but has the 
value 78° 40' 


System Monosyinmetnc hemimoiphic 


a h r = 17543 1-2106.3 ;8 = 78° 40'^ 

Forms observed a{100}, mlllO} amd {HO}, j{011}, ji»{012}, ({001}, 


r{101},p{101},d{102}, 0 ( 111 } and 

1 

Angle 

Ko of 
obieirfttioui 


100 110 

26 

60° 

no no 

0 

80 

no 101 

22 

68 

101 on 

0 

75 

on lio 

7 

34 

001 no 

22 

06 

no 111 

13 

21 

111 ool 

13 

62 

no ooi 

18 

84 

100 101 

15 

43 

101 102 

2 

28 

102 OOJ 

2 

33 

101 001 

10 

60 

001 loi 

0 

43 

loi 100 

8 

84 

001 100 

i 11 

78 

001 on 

1 10 

68 

t 001 0I2 

1 10 1 

46 


{ 111 }. 


Limito 

Mean 

obeerred 

Calculated 

40'~eof‘ 

6' 

69° 

60' 

_ 

16—60 

26 

60 

20 

60* 

20' 1 

48— CD 

8 

68 

66 

- 

60—70 

88 

76 

14 

76 

16 

31—86 

a 

84 

40 

34 

46 

29— as 

40 

05 

40 

- 

- 

27—28 

6 

81 

48 

21 

48 

24—62 

83 

62 

29 

62 

32 

14—84 

81 

84 

20 

84 

20 

60—44 

40 

44 

10 

44 

20 

21—23 

28 

23 

24t 

23 

18 

86—88 

45 

38 

40^ 

33 

42 

67 -~67 

7 

67 

1 

67 

0 

28—48 

40 

48 

34 

48 

36 

61 -86 

8 

36 

3 

35 

4 

23—78 

62 

78 

43i 

78 

40 

56—64 

21 

64 

8 

64 

0 

61—45 

67 

46 

68 

46 

64 


Cobalt patativhlorobfnsimeaulphomte, (CaHtClsSOs)«Co 8HsO — ^When it 
separates rapidly, this salt forms groups of long thm pnsms but if crystallisa- 
tion be allowed to proceed slowly, well-developed diort prisms belonging to 
the hemimorphic class of the monosymmetnc q^stem are formed These are 
similar to those of the ferrous salt, the forms developed being the same. 

The cleavage is perfect parallel to a{]00} 

Magnetically the crystals behave in a manner exactly opposite to that oi 
the ferrous salt The axis h, when the crystal is suspended with this axis 
horizontal, sets axially when b is suspended vertically, the face a{100} sets 
in the axial plane 

System Monosymmetnc hemimorphic. 

a b 1-7466 1 . 2*1034. /9 =* 78° 15J' 
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Angle 

No of 
obMfTationii 

Limite 

Menu 

obterred 

Calculated 

100 

ito 

20 

69* 

87'— 88* 

48' 

59“ 

40' 

_ 

110 

IlO 

11 

60 

37—60 

44 

00 

40 

60* 


101 

111 

10 

70 

14 

—70 

30 

76 

23 

- 

oil 

IlO 

17 

84 

84 

—84 

66 

84 

47 

84 

47 

lio 

loi 

28 

08 

43 

-68 

6N 

08 

50 

- 

- 

100 

101 

14 

44 

11 

—44 

29 

44 

28 

44 

214 

101 

102 

13 

28 

17 

—28 

80 

28 

85 

28 

28 

102 

001 

9 

38 

62 

—84 

4 

88 

57 

88 

66 

001 

loi 

i ® 

48 

27 

—48 

84 

48 

80 

43 

27 

loi 

loo 

0 

84 

36 

--84 

65 

34 

47 

34 

484 

loi 

la 

10 

60 

7 

—50 

10 

60 

18 

50 

18 

101 

0l2 

8 

* 67 

51 

—08 

6 

07 

69 

07 

67 

0l2 

III 

8 

; 28 

61 

—29 

6 

88 

50 

28 

58 

III 

TOI 

9 

88 

2 

—83 

11 

88 

0 

83 

5 

loi 

oil 

2 

71 

32 

—71 

88 

71 

824 

71 

31 

Oil 

110 

3 

1 42 

68 

—43 

0 

42 

57 

42 

69 

110 

lOl 

1 

2 




06 

32 

05 

30 


Signtfirarut of the Magnrtte BiAiavtmtr of SaU» 

Tlie obaervations now recorded of the magnetic behaviour of the salts 
examined are of special interest in that we have found that salts of ferrous 
iron and of dyad cobalt are very sensitive to magnetic induence, whilst 
those of nickel are but feebly affected and those of manganese only respond 
when the field is a very strong one, no more readily than do those of 
magnesium and zmo. On the other hand, copper salts are about as 
sensitive as those of nickel The readiness of response is to be correlated 
perhaps rathei with the appearance of colour than with the piesenoe of 
a magnetic metal in the salt 

The opposite behaviour of iron and cobalt m structures which presumably 
only differ in having the one or the other metalho atom at thd centre of the 
molecular system is very remarkable. 

But it IS clear that the constitution of the salt plays an important part 
in such phenomena. Whilst the yellow salt potassium ferrocyamde is not 
in the least disturbed in the field of our weaker magnet, the red fern* 
cyanide is powerfully affected. Stiunge to say, the very pale yellow salt, 
potassium oobaltioyamde, is unaffected even in the field of our stronger 
magnet; several platinooyanides we have tested are also unaffocted. 
Preliminary observations we have made with several of the pseudotrigonal 
Adts of rare-earth metals (Nd, Fr, 6d) desonbed in Port III show that tiieae 
ate more or less powerfully directed. 

It is obvious that a wide field for study has been opmied up. We 
propose to proeecute the inquiry in various directions and to ascertain 
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whether mnguetic eusceptibilil} is ih any way to be correlated with the 
appearance either of colour or of an uusaturated condition, particularly as 
this latter is known to influence optical refractive power m a high degtee 
The special influence exercised by iron and cobalt is the more remarkable 
in view of the agreement m behaviour of salts of copper, nickel, manganese, 
zinc and magnesium The behaviour of salts of other metals remains to be 
determmed and will be made the sub|ect of systematic study, to ascertain 
whether or not iron and cobalt stand alone 
As nou-isomorphous but morphutropically related salts of a metal have 
similar magnetic properties in corresponding directions, the magnetic 
behaviour of crystals may prove to be of great value as a means of 
discovering relationships in crystalline stiucture m cases m which these 
are not immediately obvious — several such cases are discussed by us 
Similarly, it is to be anticipated that the magnetic beliavioiir will be of 
use, m doubtful cases, in arnving at a correct mode of setting a crystal. In 
orthorhombic crystals, the directions which set cither axially or equatonally 
appear always to correspond with a crystallographic axis , it will be rational, 
therefore, m the case of monosymmetnc crystals, to apply this pnnciple in 
selecting axial directions. 

Tke Mar^lhny of Benzene Uniia m S^phonates 

In Part V of these studies, we have advanced a very considerable body of 
evidence that the jiarameter which presumably is the measure of the 
thickness of the individual layers of the benzenoid molecules lu a crystal 
has a value very slightly removed from that which it has m benzene itself 
when the marsbaUing is hexagonal, viz 278 In the second form of 
marshalling foreseen by Barlow and Pojie,* which has rhombohodral 
symmetry, the layers are supjiosed to be of less thickness and they have 
suggested that this form is met with m paradiiodobenzene and a number of 
similar comixniuds In the third of these studies, on account of the peeudo- 
tngonal character of vanoue sulphonates of rare earth metals and the very 
close resemblance they bear to iiaraduodobenzene, we were led to assume 
that ill most of the salts examined the low value of tiie x parameter wae 
evidence of rhombohedial marshalling of the benzene nmts. This oimolusion 
was extended to suits of dyad and of some monad metals in Part IV (p. 808) * 
the silver salt alone appeared to be an exception. 

The results recorded in Part V have led ns to think, however, that the x 
(and currelatively the y) dimension may be subject to not incoBsidemble 
fluctuation without an alteration in the marshallmg. In the ease of the salts 
* Of Part V, p, 116, figM. 4 sad 6 
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considered, if the benzene residues are separated in the maimer we have 
suggested to a considerable extent by intervening "blocks” of water of 
crystallisation, it is to be expected, we should imagine, that these ” blocks ” 
would be piled perpendicularly rather than diagonally and would therefore 
tend to prevent the shear from taking place that is mvolved in the passage 
from hexagonal to rhonibohedral symmetry 

On the whole, we are inclined to think that the evidence generally favours 
the view that the dimensions are subject to more or less variation but that 
the general mode of arrangement remams the same Bndgman’s recent 
discovery of a second crystalline form of benzene, stable only under 
pressuie, is not without significance jierliaps from this point of view , it may 
well be the second form adumbrated by Barlow and Pojic In any case, the 
question we raise is one of importance to be considered carefully as 
opportunity ofiers. 

The Jnjtuenee and Distnbutioti of Water of CrystaUimtvm 

The salts we have studied have other jiecuhantiea, however, which render 
them of special interest. 

The close relationship between corresjKinding benzenesulphonates and 
tolueuesulphonates has been pointed out already in Tart lY (p 307) The 
relationslup is suifaciently apparent on inspection of the axial ratios , wlulst 
the introduction of CH« in the paia position has no effect on the ratio i c, it 
involves a considerable alteration ot the ratio a h. It is tberefoie dear 
that, as in the eases diseussed in Part V, an extension takes place only m one 
direction, when the equivalence jiarameters are calculated, it appeals that 
the alteration is precisely in the proportion of the alteration of the valency 
volume from 100 to 112 

But the axial ratios of the substituted benzenesulphonates containing 
a single atom of halogen are in no apjiarent relationship with those of the 
benzenesulphouates, thus 

a b 0 $ 

I. (OaH»SOa)ifFe fiHjO .... 3 5690 • 1 • 1*1058 86“ 18' 

11 (0,H4CHaS0a)»Fe.6Hi0 . 39972 1.11051 88 37 

III. (C«H«01SOa)sFe6HaO . 36781-1:09094 94 21J 

On companng the magnetic properties of the three salts, however, it 
appears that, whilst I and II can l^th be represented by the scheme a>5>c, 
that lepresenting III is a>0>5. If now the assumption be made that the 
directions in crystals which correspond magnetically also correspond 
geometrically, it is plain that, in order to make III correspond with 1 and 11, 
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it 18 necessary to interchange b and e m the case of this substance The axial 
ratios then become : — 

a h c 

(C«HBS03)>FB6HaO 3 5690 I 11058 jS = 86® 18' 

(C#H4CH3S08)aFe6H,0 . 3 9972:1 ri051 /8 = 88 37 

(CeH401SO*),Fe6HaO 40446 1 10996 7 = 94 21* 

In the case of all three salts the ratio c 5 is practically constant More- 
over, when the crystals are regaided from this point of view, the corre- 
spondenoe is complete between all three with regard to habit, to forms 
developed and to cleavage, as well as in magnetic behaviour (ef figs 4 and 5) 
It IS certainly remarkable that the axial ratio a * 5 of the parachloro-salt is 
practically the same as that of the toluenesulphonate The valency volume 
of chlorine being unity, a close correspondence is to be expected between the 
ben/enesulphonate and the parachloro-denvative* and, as a mattei of feet, it 
IS shown in the previous communication by Mummery (p 455) that the 
eulphochlondes CaH 4 Cl SOsCl, C^ 4 Br SO 3 CI and C 3 H 4 LSO 3 CI have equiva- 
lence parameters in accordance with this assumption It might be argued 
from this, as the chlorine atom produces the same effect on the ratio a 5 as 
the metliyl group, that Cl and CH3, not Cl and H, occupy the same volume 
That such a conclusion would be, to say the least, a rash one, however, the 
following argument will show 

To admit that Cl and CHi have the same volume would be to return to the 
view held by Kopp and it would then follow that Br has an atomic volume 
much greater than that of either, iodine a still greater volume Kopp’s values 
are CH3 = 27*5, Cl = 22 7, Br = 58 4 Accepting these, bromine should 
produce a change more than twice as great as that produced by chlonue , 
lodme would produce a still greater change 
The measurements of the three eulphochlondes made by Mummeiy, referred 
to above, afford no support to this view, moreover, in the case of the 
sttlphdnates, ohlonne, bromme and iodine produce much about the same 
effect on the ratio a : b, the slight rise as the atomic weight tnnreasos agreeing 
with the slight increase of the size of the sphere of influence of the halogen 
atom, 111 passing from ohlotine to iodine, suggested by Barlow and Pope 

a b e 

(CtII,SOa)»Fe6HtO .. . . 35690 1 11058 /9 = 86® 18' 

(C«H4C1S03 )sI '<3 6H3O . . . 40445 1 * 10996 7 = 94 21* 

(CaH4BrSOa)3Fe OHaO . 4 0964 1 1*0984 7 = 94 26* 

(C#H4TS08)3Fe6H*0. . .. 4*1670 1 11007 7= 93 85 

* l?artV,TableI,p,121. 
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It mast therefore be admitted that the three halogens have practically the 
same valency volume It is still necessary, however, to account for the 
effect on tlie crystal structure of the benzenesulphonate of the substitution of 
hydrogen by halogen It will be observed that in each salt (I, II and III) in 
the first table in this section, the nionosymmetric angle 0 is not far removed 
from a right angle , in fact the departure fi-om orthorhombic symmetry 
involves only a slight shear In the case of I and II, this shear has taken 
place in one and the same direction m the structure , in the case of 111 it is 
in a direction at right angles to that in whidi it has taken place in II and 
III hence when III is made comparable with I and II, by interchanging 
the axes b and c, the interaxial angle becomes 7 instead of /9 It is suggested 
that the peciiliaiity in the halogen atom which brings about this change, 
whethei ii lie owing to a slight increase of its sphere of influence over tliat of 
the hydrogen atom displaced or whethei it be due to the introduction of a 
new centre of influence, produces some slight readjustment of the constituent 
units in the structure That the modification of internal structuie is a \ery 
slight one follows from the general siimlanty of habit found to exist between 
the fenous benzenesulphonate and the parachlorobenzenesulphonate. Thu 
nett lesult of the substitution of hydrogen by halogen is to change shghtly 
the shape of the parallelepipedal cell or space lattice, elongating it m one 
direction and shortening it in the same proportion in the other tuo, so that 
the ratio c b remams unchanged 

But the increase in the one direction, which brings the substituted 
beUitenesulphonates into apparent harmony with tlie toluenesulpbonates,* is so 
considetable that it is not improbable tiiat a special mfluence is at work lu 
the case of the former salts aud tliat they are in some respects different m 
constitution from the benzene- and toluenesulpbonates. The still greater 
departure of the dichloiosulphonates, obvious m the fact that these contdn 
a larger proportion of water of orystalhsation (SHjO mstead of 6HsO), is 
not without importance from this point of view. It must not be forgotten 
that the acids free from halogen ditler to a not inconsiderable extent in 
propel ties from the substituted acids . the difference is particularly obvious 
perhaps in the case of the corresponding anhydndes’ thus, whereas 
benzenesulphonio anhydride is described as deliquescent and easily soluble 
in water, which hydrolyses it readily, the anhydride of the paradibromo* 
benzenesulphonio acid is insoluble in most solvents and is hydrolysed with 
diffioulty. 

Such differences are indications that the forces i^ierative witiun the 
molecules are very different, presumably, the “sulphonic region" is the 
* Not improbably tbe oouicidonoe u aooidoataL 
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one specially affected and as the ** slater ** is present in this region it is 
probably subject to these special influences The results obtained by 
Tamuian and by Bridgman in recent years are proof that water may 
undergo great changes in volume and it can scarcely be doubted that the 
changes in volume are the cou86<{uence8 of alteration in the structure of 
the complex perhaps more or less of the character pictuied by one of us m 
discussing the nature of water * 

It IB commonly assumed that, m the case of salts of multivalent metals, 
the Bcid radicles are in diiect association with the metallic atom, which 
serves as the link , the so-called water of crystallisation is pictured, as a rule, 
as an addition to the complex. Our view practieaHy involves the assumption 
that the metallic atom is at the centre of the system, as space cannot well be 
found for the water molecules if the metal serve as the direct hnk If the 
views applied by Armstrong and Worley to sulphuric acidf are applied 
generally to salts containing water of crystallisation, there is no difficulty in 
pictunug the several molecules of "hydrone” taking up the position of 
mtennedianes and the metallic atom — ^probably in the fonn of metallic oxide 
---as placed lu whatever position its own influence and tliat of the acidic 
groups may reciprocally determine From this point of view, the form of 
loaier present m a salt may vary according to the influences at work 

It IS assumed by Bailow and Pope that when a variation in volume takes 
place, the volumes of the different atoms in a molecule vary concomitantly, 
so that they remain relatively the same , in other words, the valency-volume 
IB a constant 

It appears to us that, in special cases such as we are considering, in which 
a molecule is built up of several systems each of which is deformable within 
certain limits, tlie one complex may be more or less deformable independently 
of the other 

Tlie equivalence parameters of the salts under consideration, calculated 
from the axial ratios without modification, are as follows — 


* ‘ Hoy Soc Proc ,* A, voL 81, p 80 (1908). 

t T&uil, voL 90, p. 78 (1914) 
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100 
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100 



11 6196 

3-0870 

2 8212 

100 



11 6896 

3-0747 
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The !/ and z values thus found ax>pear to us to be more in aooordanoe 
with those deduced as cliaractenstio of a great variety of benzene derivatives 
in Part V of these studies than are those calculated from modified values of 
the axial ratios in Part IV Though the z values are relatively high, those 
of y are correspondingly low , but the great increase of x, in the case of the 
substituted benzenesulpbonstes, appears to need some special explanation 
such as we now venture to put forward 
[iiTote add.cd Jiimc 22 — ^We have recently obtamed a ciystal of ferrous 
benzenesulphonate — a strongly paramagnetic substance — (similar in shape 
to fig. 3) the dimensions of which in the direction of its three axes, a, b, 
and c, are 1/16", 1/2" and 1" respectively When suspended with the 
axis b vertical, this crystal is powerfully directed so tliat the a axu sets 
along the lines of force, though its length in the direction of the c axis — 
which sets at right angles to the hnes of force — is 16 times as great as is the 
length in the direction of a 

A. crystal of the corresponding paramagnetic cobalt salt of sunilar shape 
sets with the c axis along the lines of force. The behaviour of the iron salt, 
ooupled with the difference between the two salts, is at once a proof that the 
property we have brought under notice is a function of the internal structure 
of the crystal and not that of a merely paramagnetic substance. 

Moreover, if the dimensions of the crystal m the direction of the different 
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axes be entirely changed by cutting '‘sectiona, the setting of the mass with 
res(iect tu the axes of the ciyatal remains unaltered This is true of all the 
crystals we have examined, whether paramagnetic or diamagnetic 

In view of the known connexion between optical and magnetic phenomena, 
the poasibihty that coloured substances might be specially affected in a 
magnetic field led ns to examine the behavioui of crystals of azobenzene, a 
brilliantly orange-red coloured substance 

Azobenzene is monosymmetne, its axial ratios being 

a f; c = 2 1076 1 1 3.312 /S = 65“ 34' • 

A form {401}, not recorded by Koeris, is also sometimes apparent If the 
form {301} be changed to a{100}, e{001} remainms the same, {100} 
becoming {101}, the axial ratios are 

a b c= 21076 1 48492 /9 = 91° 7' 

This alteration involves a simplification of the indices, as {201} becomes 
{101}, {403} {203} and {021} {011} 

The valency volume W is 64 it 5 be doubled, the equivalence parameters 
when b and c are interchanged are 

x y z» 3 0837 70946 29261 

The X and x parameters thus deduced are very similar to those of benzene, 
whilst y 18 slightly more than double the correspondmg benzene parameter. 

Crystals of azobenzene are affected qmte strongly in a magnetic field, even 
in that of our smaller magnet The direction of greatest permeabihty hes 
along the axis of s} mmetry b this axis alwa} s tends to set along the lines of 
force This direction corresponds to that of the z parameter, tc, to the 
direction in which we suppose the benzene units to be stacked It is m this 
direction also that the doubly linked nitrogen atoms would be m greatest 
proxinuty to one another When the oiystals are suspended so that this 
direction is vertical, the direction of the x parameter (the a axis) sets 
axially, and it is in this direction presumably that the colour-prodnoing 
centres are closer together than in the direction perpendiculai thereto 

In view of the stnking crystallographic similanty between the salts of 
tolueiieiiarasulphonio and parachlorobenzenesulphomc acid containing dyad 
metals, it is obviously important to study the salts which these acids form 
with monad metals. We have exammed crystals of the anhydroos 
potassium salt of parachlorobenzenesulphonic acid Ideasuiements of a 
potassium ohlorobenzenesulphonate are recorded by Boens'f he does not 

* Boaris, ‘JZeit fUr Kryst vol 34, p 301 (1901) 
t ‘ Zeit f ttr Kryst voL 80, p 986 
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say that his was the para-salt bnt the exact agreement between hu data and 
ours proves that it must have been 

The salt crystallises from water m well formed rhombs or pnsms, the 
habit being variable Generally ^{Oll} and m{110} are prominMit and in 
the rhombs r{101} is large, e{001} appearing as a narrow face The 
cleavage is perfect parallel to a{100}. The plane of o{100}, however, 
rarely develops as a face 

Forms observed «{100}, c{001}, r{101}, m{110}, nll20}, and jlOll}, 
System Monosymmetnc 
a h <!=14d94 1 0 9049 = 97° 11'. 

(Boens gives 14379 1 0 9045 /9 = 97°16') 
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When the constants of this anhydrous ssdt are compared with those of the 
corresponding hydrated cobalt salt, interesting resemblances are revealed ~ 



■■■ 

3 

CleaTage 

01^ ^O.K 

1 4304 1 0*0040 

07’ 11' 

a{10()> 

i 

8 8608 1 i 0 0071 

08 46i 

a{100} 


The ratio o ' 5 is praotioally the same in the ease of eadi salt the cleavage is 
also in the same direction ; the ratio a * b, however, is much greater in the 
caee of the hydrated cobalt salt From these facts, it is obvvMis that the two 
salts are structurally similar, when the equivalenoe parameters are con- 
trasted, an even more striking relationship becomes appaimat. 
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! 
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JT * 

Cl<^ ^0,K 

(01<^ ])BO»)»Oo 6H,0 

88 
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1 

4 4428 3 0866 2 7080 

11 3060 a 1136 2*8244 
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1 


The y and z parameters of the two salts are practically equal it u as if lu 
the cobalt salt the two component units (Cl^ ^SOg) were jomed by the 
metallic atom, and that the water molecules are enclosed between them in 
the manner suggested in Part IV of these Studies (p 310) The relationship 
between the potassium and cobalt salts cannot well be accounted for in any 
other manner ] 


Dimethylenedtol Peroxide {Dtformal Peroxide HydrcUe), 
ByH J H. Fenton, M.A., ScB.FBS 

(Beceired and read May 28, 1914) 

The conditions of the oo*exi8tence of hydrogen dioxide and formaldehyde, 
and the nature of their interaction, are of special interest in connection with 
the theories which have been advanced to account for the photo^thesis of 
carbohydrates in plants 

As the initial stage in the assimilation of carbon dioxide, Bach* suggested 
that carbon dioxide in presence of water gives nse to pexcarbonio acid 
(HjOOg) and formaldehyde, whereas Usher and Pnestleyf consider that the 
primaiy products are hydrogen dioxide and formaldehyde, the change bwin g 
reversible in the sense 

CO>+3HsO = HCHO+2HA 

This view has been opposed by vanous authors, one ground for objecUoa 
being the, presumably, incompatible nature of the two compounds tiamoii , 

The interaction of hydrogen dioxide and formaldehyde was first studied 
by Blank and fmkenbeiner,} who showed that, in presence of 

* ‘Oum|)tM Bendus,' vol 116, p 1146 (1883) 

t ‘Boy Boc Proc voL 77, p. 869 { vol 78, p 318 (1906) , and vol 84, p. 101 (1911). 

} 'Bei ,‘vol 81, p 8979 (1898). 
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hydrogen is evolved and that the chan^ may be employed for the quantita- 
tive estimation of formaldehyde They represent the change as 

2H CHO + HjOs + 2NaOH = 2H.COONa-H 

Geisow* afterwards studied the action m neutral or acid solution when 
warmed in a water-bath and he states that, under these conditions, the 
products are carbon dioxide and hydrogen, no formic acid being produoed, 

H CHO + H,Oa = 00,-1- HjO-i-H* 

Since barium dioxide beliaves similarly to hydrogen dioxide, it would appear 
that the hydrogen evolved is derived horn the formaldehyde 

Lyford,t on the other hand, finds that formic acid is produoed as the initial 
stage, 

2H CHO -I- H,0,, « 2H COOH + H,. 

and IS subsequently oxidised to carbon dioxide and water 

In the course of some experunents bearing on these questions, it has been 
observed that when a strong solution of formaldehyde (ey, commercial 
formalin) is mixed with pure 100-volume hydrogen dioxide (Merck’s 
perhydrol) in about equal volumes, and the mixture is allowed to evaporate 
at a low temperature, in a vacuum desiccator over sulphuric acid, a bnlhant 
crystalline mass is obtamed, consisting of large, transparent, rectangular 
plates or prisms The exact proportions of the reagents employed do not 
greatly matter, if, howevei, the formaldehyde is in large excess, the soft 
colloidal polymer of formaldehyde separates, and, if the dioxide is in excess, 
the crystallisation is retarded or prevented. The crystals are odourless, but 
they emit a strong osone-hke odour when treated with sulphurio acid 
This crystalline compound has interesting properties , it melts at about 
66^, and. if heated a few degrees above this temperature, it explodes with 
detonation, the products having a strong odour of formaldehyde. If the 
powdered substance is brought into contact with reduced iron {ferrum 
i&lnettm) or platinum block, it immediately bursts into flame, and with 
cupric oxide it behaves similarly when gently warmed. Mixed with mert 
powders, such as silica, it decomposes suddenly on warming, hut without 
explosion or ignition. 

The substance dissolves very easily in water, alcohol, or acetic amd, and 
sparingly m anhydrous ether , from the latter solvent it may be recrystal- 
lised unchanged. The aqueous solution is neutral, and, as will be seen below, 
is remarkably stable at a low temperature. On addition of alkidis, hydrogen 

* <Ber,’T 0 l 8?,p BIS (1904) 
t ' Journ. Amer, Oh«ut. Soc voL 29, p. 1227 (1907). 
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IS immediately evolved. The freshly prepared solution gives, at first, only 
the faintest possible yellow colour with titanic acid, but the colour slowly 
develops on standing With chromic acid and ether, the indication of 
hydrogen dioxide is very slight, and with jiotassinm iodide, in presence of 
dilute sulphuric acid, iodine is only very slowly and incompletelj liberated. 
Rimini's phenylhydrazuie and nitroprusside reagent gives only a feeble 
indication of fornmldebyde, and Schiifs magenta reagent gives an entirely 
negative lesult If, however, the aqueous solution is mixed with a little 
platmum black, a rapid catalytic decomposition ensues , the resulting solution 
has then a strong odour of formaldehyde and gives all the reactions of this 
substance with intensity 

The analysis of the compound by combustion presented, as might be 
expected, exceptional difficulties owing to its explosive character and its 
behavioui when warmed with cupric oxide or with inert powders Eventually, 
howe\ er, the combustion was successfully earned out by keeping the substance 
in the combustion tube at a temperature only just above its melting point, by 
means of a carefully regulated current of hot air, for about 20 to 30 minutesw 
ITuder these conditions, decomposition takes place with evolution of gas but 
without explosion, and the temperature is only allowed to rise when the 
liquid has all disappeared, a piece of platinum wire placed in the boat 
suitably accelerates the decornpositum For analysis, the substance was 
iGorystalhsed from anhydrous ether and kept m a vacuum desiccator 

0 1770 substance gave 0 1696 COj and 0 1015 U^O 
(/ = 26 13, H ss 6 36 per cent 

The formula 2H CHO HjOj requires — C, 25 55 , H, 6*38 per cent 

Confirmation of this formula was afforded b} gasoroetric determination of 
the hydrogen evolved by the action of alkalis. It will be observed that the 
relation of the constituents is that inquired by the equation of Blank and 
Finkenbeiner quoted above. 

I. 01628 grm substanoo treated with 25 oc uf 2NKOH gave 36'5 0 . 0 . 
of hydrogen (oorr.) Theory re<jnir«s 38 7 oc 

II 0*0697 grm substance gave 15 9 cc of hydrogen (corr) Theory 
requires 16 6 c.o 

The results were just the same if an excess of hydrogen dioxide wee 
previously added 

From these results there is every probabihty that the oompouad ii 
identical with that which Legler obtained, in 1881, by the slow of 

ether in contact with slightly glowing platinum foil* The prodnots of tine 
* ' Ber vol. U, p 608 (1881), and vol 18, p. 8848 (1088). 
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reaction were found to be acetaldehyde, acetic acid, formic acid, formaldehyde, 
hydrogen dioxide, and a crystalline compound to which the author first 
assigned the formula CuHaaOai Later, however, from measurement of its 
decomposition products, he concluded that the formula was (OHaO)e 0^+ SHaO, 
and he called it hexahydroxymethylene peromde 
Nef* afterwards obtained a direct compound of hydrogen dioxide and 
benzaldehyde, to winch he assigned the formula O^CHPliOHL, and lie 
concluded that Legler's compound was similaily constituted Baoyert 
obtained a similar compound from hydrogen dioxide and chloral , he showed 
also that hydiogen dioxide, ammonia, and formaldelij de react to produce 
hexahy(lroxymethylene-<liamnie, a compound whicli Legler had previously 
prepared from his product leferred to above 

ftiiwe Leglei’fl compound has been comparatively little studied and its 
composition and constitution liave been onh indirectly determined, it 
appealed of interest to make a more detailed examination of tlie compound 
obtained by the dueot process mentioned above 

The molecular weight was determined by the crjoscopic method, using 
acetic acid and water as solvents 
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Theory for H 4090 |.H 30 s ■■ M 

In order to ascertain the stability of the compound m water another 
determination was made , the solution was then allowed to stand in melting 
loe, and the fieeziug point again determined after 24 and 48 hours, the 
results were as follows — 

VL 0 3459 grm of sulistance in 16 74 grin of water gave, on dissolution, a 
depression of 0426*^ (M.W. ss9LX After 24 hours the depression was 
0^470, and after 48 hours 0*480 This difference is altogether insignificant, 

* * Annalen,* Yol 298, p 202(1897) 
t • Ben,* voL 38, p. 2479 (1900) 
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and it may be concluded that the compound exists piactioally unchanged at 
0°, at any rate during this interval of tim& If the temperature is allowed 
to nse to that of the laboratory, a considerable increase occurs, thus, the 
same solution, kept at the ordinary temperature for 48 hours more, gave a 
total depression of 0 645, corresponding to calculated molecular weight of 60. 
This result may, of course, be due to partial dissociation, or, more probably, 
to interaction of the constituents giving rise to formic acid 

A furtliei expeiiment was made in order to ascertain whether a change iii 
moleculai concentration occurred after the catalytic destruction of the 
potential hydrogen dioxide by means of platinum black 
VII 0 2447 grm substance in 1 i 97 gnu. of water gave a depression of 
0 37“ (MW =89) 

About ^ gnu of platinum black was then added to the solution, and the 
mixture was allowed to stand for 24 hours The total depression was then 

0 395° This difference being not much beyond the limits of experimental 
error, it may be concluded that the total number of molecules in solution is 
practically unaltered after the hydrogen dioxide has been eliminated The 
solution obtained in this way ap^iears to be pure formaldehyde, and the 
result coulrl be e.\plained by assuming that it exists in the dimenc form 

According to Auerbach and Barschall, however,* formaldehyde in aiiueoua 
solution, whethei prepared from the gas or from the polymendes, is an 
equilibrium mixture of the trimenc and monomeric forms, or their hydrates, 
the proportions being dependent on the temperature and concentration , the 
above result could, of course, be accounted for m thus way 
It IS probable that this method may be found to be of service for the rapid 
preparation of pure aqueous solutions of formaldehyde , the catalytic decom* 
position takes place very rapidly if the solution is gently wannod, but a 
purei product is obtained if the ojieration is earned out at 0°. 

The behaviour of the solid substance on exposure to hght has only been 
partially studied When kept for a month lu the dark, in a tube closed with 
cotton wool, the substance was unchanged in appearance, but had lost aliout 

1 per cent of its weight A oorrosiioading exjienment was made m bnght 
sunlight, and in this case the substance became partially liquefaed after some 
days, and gave a strongly acid solution Exiiosed to bright sunlight in a 
scaled tube, it behaved similarly , the gas evolved was hydrogen, containing 
some carbon dioxide, and the solution was strongly acid. Probably, however, 
the change is more complex than the mere resolution into formic acid 
and hydrogen, since the liqiud, on acidification, gives a decided froi^ odonr 
resembling acetaldehyde. 

* ‘Chsm Centr.,’vol 2,p 1081(1906). 
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If the ciystals are exposed to light m an ojien watch-glass, they show no 
tendency to liquefy , after a few days they become 0]>aque, owing to finely 
dispersed gas bubbles, and the crystals then begin to decrepitate in a 
remarkable way, the smaller crystals being projected about in all directions 
Even after six wooks* exposuie m this maiinei, the crystals still give 
aldehjde and peroxide reactions 


Const iivJtwn 

Several compounds of oigaruc substances with liydrogen dioxide have 
been prepared and are usually regarded as containing hydrogen dioxide of 
oiystalliHation *** 

The nature of such a combination is assumed to be analogous to that of 
water of (Tystallisation , one would expect therefore that the compounds 
would show a readiness to dissociate into their constituents 

Since the compound desciibed in the present communication remains 
iindissociated when dissolved in solvents such as water and acetic acid, it 
would not appear to belong to this class, and its constitution is more appio- 
priately represented by a structural formula such as that suggested by Nef, 
namely — 

CHaOH 

A 

I 

I 

CHjOH 

lu order to obtain confirmatory evidence of this, on attempt was made to 
prepare the benzoyl derivative The compound was dissolved in water, 
cooled by ice, and treated witli benzoyl chloride and sodium hydroxide 
according to the Baumann-Sohotten method A soft solid product was thus 
obtained which hardens when dried on filter paper It was dned over 
Bulphnno aoid and solid potash, washed repeatedly with small quantities of 
anhydrous ether, reorystalhsed from this solvent, m which it is sparingly 
soluble, and kept in a vacuum desiccator 

The product crystallises in octahedra and melts at about 103° When 
heated a little above this temperature it decomposes with explosion, giving 
yellow vapours 

Analysis of this product, and its general properties, show that it is htimyl 
fenmde, so that the experiment is merely confirmatory of the peroxide 
character of the original substance 


* Compare, for example, Tonotor, ‘(%em. Oentr ,’ voL 8, p 583 (1906) 
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Summary and C<molus%onB 

Formaldehyde and hydiogeu dioxide combine together directly when a 
mixture of their solutions is oonoentrated w vat'uo, to form a definite 
crystalline ooni]^>ound having the molecular formula 2 H CHO This 

compound shows unexpected stability, it undergoes little, if any, change 
when kept in the dark at the ordmary temjieiature, and it dissolves unchanged 
in water oi acetic acid It gives the normal molecular weight by the ciyo* 
scopic method, and this value, m aqueous solution, is not changed aftei 
48 hours at 0^ 

The crystals are explosive when heated to about 70^ and they take fire in 
contaot with reduced iron or platinum black They undergo slow decompo- 
sition when exposed to bright sunlight 

Treatment of the aqueous solution with platinum black causes a rapid 
decomposition of the potential hydrogen dioxide and a pure solution of 
formiEddehyde remains 

The general behaviour of the substance leads to the conclusion that it is 
not one containing hydrogen dioxide of crystallisation, and is rather to be 
regarded as an ** atomic compound in the ordinary sense of the term 

There seems to be no doubt that the compound is identical with that 
which Legler, in 1881, obtained amongst the products of slow oxidation 
of ether 
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Absorphon of Gases in the Discharge Tube. 

By F H Nkwman. A.RC.S, BSc 

(Communicated by the Hon B J Strutt, F R.S Rocehed May 29, — 

Read June 25, 1914 ) 

§ 1 Introdnetian. 

Mey* has shown that when the liquid alloy of sodium and potassium is 
made the cathode in a discharge tube, then, on passage of a current, if the 
gases nitrogen and hj'drogen are present they are absorbed The inaotive 
gases, such as helium, are not affected, however, so he concludes that this 
would form a very convenient method for the preparation of helium where 
hydrogen and nitrogen are present as impurities He mentions the rate of 
absorption compared with the quantity of electricity passing, and it is much 
larger than the absorption of gases by the walls of the discharge tube during 
the passage of a discharge It is thought tliat the gases form chemical 
compounds with the sodium and potassium — the nitrogen giving the mtride 
and hydrogen the hydride. 

The following experiments were made to see if there were any relation 
between the amount of gas absorbed and the quantity of eleotncity passmg 
dm mg discharge — the measmements being made with varying pressures of 
the gas In order to measure the electnoity a small voltameter oontammg 
sulphuric acid was employed, and the quantity of hydrogen evolved in it was 
compared with the amount of gas absorbed The current employed had to 
be a uni-diiectional high-tension one For this, an induction coil with an 
Oliver Lodge valve in the secondary was used Provided the current was 
not too large this arrangement gave satisfactory results 

§ 2. Pnhnwmry Experment 

Fig, 1 shows the apparatus used at first The nitrogen was prepared in a 
vessel, A, by allowing air to stand over phosphorus for several hours. The 
gas tlien passed over phosphorus pentoxide and so mto a oahbrated leservoir 
B, from which it entered the discharge tube, bemg fed in by manipulation of 
the head of mercuiy C was an oil gauge which gave the absolute pressure 
of the gas. Ciastor oil was originally used in the manometer, but later Fleues 
oil was substituted, as it did not contain much air, and moreover was more 
sensitive The diloy, when placed in the apparatus, became coated with the 
oiude, but It was found that if a discharge was passed in rarefied mtrogen the 
* < DeutMh Pliya. OeMtl Verii ,’ Feb., 1908, p. 78. 
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Hcum at the suiface of the alloy dtaappeaxed with a httlo shakiug, leaving a 
bright layer In making a determination witli the meted as cathode, the 
apparatus having been exhausted by means of a Toeplet pnmp, a small 
quantity of nitrogen passed into the apparatus By altering the level of the 
mercury in B the pressure was kept constant dunng absorption, tmd from the 
initial and final readings of the volume of gas in B tlie amount of nitiogon 
which had been absorbed at the indicated pressure was noted This a as 



then compared with the volume of hydrogen which had been liberated m the 
voltameter 

This method of feeding in the nitrogen gave unsatisfactory results owing 
to the lack of sensitiveness of the oil in the manometer, for it was found 
impossible to supply the nitrogen at such a rate that the pressure remamed 
constant throughout Hence the amount of gas indicated by B was npt tiie 
true quantity which had been absorbed The following method of feeding in 
the nitrogen was then substituted 

§ 8. Alaorf^um <(f N^ogm and Hydrogen 

In this method &e apparatus shown m fig 2 was employed The teeervdr 
was removed and in its place a known small volume betwemi two taps Tt and 
and T| was used. By opening Ti and then olosing it a known vidnme of gae 
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practioally at atmosphenc pressure is euolosed between Ti and Tj. On 
opening Ts the gas will fill the apparatus and the alteration in pressote which 
It produces can be read from the mano- 
meter By allowing several volumes to 
enter in this way, and noting the pressure 
before and after, the amount of gas which 
causes a recorded difference of pressure 
— read from the gauge — is found Tlius, 
when absorption takes place, from the 
initial and final readings of the mano- 
meter, the amount of gas at atmosphenc 
pressuio which has disappeared is 
pbtained immediately In this vkay 
several detenninatious of the quantity 
of nitrogen absorbed using the alloy as 
cathode were made over a wide range of 
pressures 

Mey only states there is absorption 
when the alloy is made the cathode, but 
It was found that such was the case when 
It formed the anode, although the 
amount of gas absorbed relative to the 
quantity of electricity passing in the ciromt was not as great as when used 
as the cathode. A series of observations were made with the alloy as the 
anode It must be mentioned that the surface of the metal remained clear 
however long the discharge was passing, and there appeared to be no 
diminution in the rate of absorption of the nitrogen 

These determinations finished, hydrogen was next tested. The gas 
prepared by the action of sulphuric acid on xino passed over phosphorus to 
remove any oxygen, and also over pboaphoros pentoxide. With this gas, and 
the alloy forming first the cathode and then the anode, measuremente were 
taken at various pressures. The surface of the metal did not remam clear as 
it had done when mtrogen was used, but became coated witli a black scum 
which suggested the presence of the hydndes of sodium and potassium Thus 
it was necessary to keep the surface clean by continual shaking. On subeti- 
tutmg discharge tubes of different shapes the results were found to be 
independent of the surface area of the alloy, thereby suggeeting tbat the 
relation between the amount of gas absorbed and the quantity of electricity 
‘ is independent of the extent of the sartaoe of the alloy. It was also shown 
that if alnmiuium electrodes were used in a bulb-shaped vessel with a pool of 
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alloy at the bottom of the bulb, and not m electncal contact with the 
electrodes, then absorption of nitrogen and hydrogen resulted when a current 
was sent through the gas 


§ 4 Adsafy)tim of Oxyfjen 61 / Memiry 

Stark* has observed that when mercury is placed near the cathode in a 
discharge tube absorption of nitrogen and oxygen results, with the probable 
formation of mercury oxide and nitride Mercury was substituted for the 
alloy, and, using oxygen obtained from a cylinder, similar experiments weie 
made to those deaonbed above Absorption resulted whether mercury formed 
the cathode or the anode Since the mercury became coated with a scum, the 
formation of the compound of mercury with oxygen probably takes place at 
the surface of the metal. The inside of the tube received a reddish deposit of 
mercury oxide as observed by Stark, so that the chemical action also takes 
place throughout the gaseous volume 

With nitrogen instead of oxygen very little absorption resulted when the 
ordinary discharge was employed, but with a condensed discharge the effect 
was greatly increased 

§ 5 TalmltU'ion of Remdts, 

A few of the results obtained in the experiments described above are shown 
in the following tables. The current in the secondary varied from 0*005 to 
0*010 ampere 


Table I — Absorption of Nitrogen by the Sodiuiu-Potassium Alloy 


Alloy used u oatkode 


Alloy used aa anode 


Volume 
of N, 
abiorbed 

(A) 

PreMtue 

Volume of 
liberated 
in Tolta 
meter 
(B) 

Value, 

A/B 

Volume 
of Nj 
abiorb^ 

a) 

Pressure 

Volume of 
H 3 liberated 
in Tolta- 
meter 
(B) 

Value, 

A/B* 

0 c 

mm Hg 

cc 


oc 

mm* Hg 

0 0 


0*81 

14*7 

0 16 

1*9 

0 16 

18*4 

0*25 

0*6 

1 87 

10 6 

0 *U 2 

2 2 

0 15 

12 8 

0*17 

09 

0 48 

9 9 

0 20 

2 2 

0 16 

11*4 

0*88 

0 7 

0 78 

6 0 

0 81 

2 4 

0 17 

9*9 

0 29 

0*6 

0 89 

4-0 

0 16 

2 4 

0 18 

7*7 

0 27 

0*7 

0 68 

4 1 

0 28 

2 8 

O-SO 

7 4 

0 28 

0 7 

0 28 

4*0 

0*09 

2*6 

0 16 

6 2 

0 28 

0*7 

0 80 

2*8 

0*12 

2*6 

0*10 

6*2 

0*81 

0 7 

0 27 

0 6 

0 10 

2*7 

0 21 

5 4 

0 24 

0*9 

0 28 

0 7 

0*10 

2*8 

0 17 

4 4 

0*17 

1 0 

0 18 

0*6 

0*06 

8*0 

0 27 

8 7 

0 15 

1*8 

0*24 

0 8 

0*08 

8*0 

0 15 

1 2 

0*07 

8*1 

1 


♦ ‘Phya Zeit./ vol 14^ p. 417 (1918). 
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Table II. — Absorption of Hydrogen by the Sodinm-Potassiam All(^. 


Allo^ u«ed AS OAthode 1 

AUoy used as anode 

Volume of 

obtorSed 

Pressure 

Volume of 
hberAted 
in TOltA- 
meter 

Value 

A/B 

Volume of 
H, 

absorbed 

PresAira* 

Volume of 
He liberated 
In Tolta- 
meter 

Value 

A/B. 

(A) 


(B) 


(A) 


(B) 


c r 

mm Hg 

e 0 


c c 

mm Hir 

c e 


0 45 

10 *0 

0 31 

1 5 

0 36 

7 2 

0 44 

0 8 

0 64 

8 6 

0 29 

2 2 

0 33 

6 1 

0 48 

0 7 

0 m 

6 3 

0 29 

2 8 

(••88 

6-0 

0 47 

0*6 

0 73 

4 0 

0 26 

2 9 

0 80 

4 8 

0 48 

0 6 

0 54 

4 6 

U 18 

8*0 

0 37 

4-0 

0 66 

0 6 

0 40 

4 4 

0 14 

2*9 

0 42 

2 7 

0 60 

0 8 

0 63 

3 0 

0 18 

2*9 

0 38 

2 4 

0 56 

0 7 

0 74 

3-0 

0 28 

3 2 

0 38 

1 7 

0 48 

0 8 


2 8 

0 22 

3 3 

0 28 

1 4 

0 29 

1-0 

0*60 

1 2 

0 19 

8 2 

0 28 

1 2 

0 22 

1 3 


!•(► 

0 00 

8 3 

0 25 

1 0 

0 20 

I *8 

0 14 

0 4 

0*04 

3 6 

0 20 

0 8 

0 13 

t 

1 6 


Table III — Absorption of Oxygen by Mercury 


Mereuij used as cathode 

Mercury used as anode 

Volume 

ofOa 

absorbs 

(A) 

Pressure 

Volume of 
Hg liberated 
in Tolta 
meter 

(B) 

Value 

A/fi 

Volume 
of O* 
absorb^ 

(A) 

Pressure 

Volume of 
Hg liberated 
m Tolta- 
meter 

(B) 

Value 

A/B 

00 

mm, Hg 

t!C 


ec 

mm Hg 

CO 


0'16 

10-0 

0 25 

0 0 

0 14 

10 6 

0-27 

0 5 

0*16 

0 8 

0 22 

0 7 

0 11 

8 6 

0 22 

0 5 

0 la 

8*5 

0 27 

0*fl 

0 17 

7*6 

0 88 

0*5 

0 16 

8*8 

0 21 

0 8 

0 14 

6 8 

0 27 

0 6 

0 14 

7-0 

0*24 

0 6 

0 12 

6 4 

0 21 

0*6 

0 18 

6H) 

0 27 

0 7 

0 14 

4 2 

0 26 

0*6 

0 17 

5*0 

0 22 

0*8 

0 12 

8*6 

0 14 

0*9 

0*18 

4 3 

0 18 

1*0 

0*00 

2*7 

0 10 

0 9 

0 22 

8 2 

0 10 

2 2 

0 18 

2 1 

0 12 

1 1 

0*24 

2 8 

0 10 

2 4 

0 18 

0 12 

0 10 

1 8 

0 30 

2 2 

0 10 

80 

0 18 

0 11 

0 u 

1*2 

0 22 

1 6 

0 07 

sa 

0*021 

0*07 

0*018 

1*0 


§ 6L Dwmtm, of RmU*. 

Stark has suggested that the absorption of nitrogen and oxygen in tiie 
presence of marouiy in the disdiatge tube is due probably to the action of 
dissouated molecules of these gases, ije. atomic gases, end when in this state 
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the gas 18 more active than under ordinary conditions Prof R J Strutt* has 
shown that theie i8 a chemically active inoditication of nitrogen, so that all 
the results obtained above can be explained by assuming that, under the 
influencte of the electiic discharge, active gas is produced That the nitrides 
of sodium and potassium are formed by the absorption of nitrogen can be 
shown by passing mojst air over the alloy into water and applying the 
Nesslei test for ammonia to the latter This suggested that, if the production 
of these nitrides were due to active gas, then passi^ of the afterglow 
obtained in the ease of active nitrogen over the sodium-potassium alloy should 
produce nitrides of these metals 

The apparatus used is shown m fig 3 Nitingen obtamed from a cylinder 
stood over phosphonis for several hours to remove all oxygen, and the flow 
was regulated by means of taps, so that 3 or 4 litres per honi passed thiough 



the apparatus, being drawn off by a pump The two electrodes, £i, Ej, were 
connected together and put to earth, in order to elim ina t e stray discharge — 
one end of the secondary circuit also being earthed The alloy was plao^ in 
a bulb, which was sealed to the vessel C Being exposed to the air, it 
became coated with the oxide, but, on evacuatum of the appaiatus, 
turning the latter so that the alloy flowed mto C under a vacuum a olw 
surface was obtamed A condensed discharge was used, and aoUve nitro ge n 
allowed to flow over the metal for half an hour, the alloy iv>mg v^ronsly 
shaken in the meantime A blank expenment was then made by r****^"g 
the nitrogen over some alloy without the disohatge. The two portiwe were 
then tes^ for the presence of nitndes by passing nmlst air over the suilkoe, 
and making the Nesder test for ammouie* A oopiouB {ueoipiteie was 
♦ Bakenan Lseture. ‘ B*jr. Soo. Proc,,’ A, vii4. 8S, {n Sift (Iftll). 
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obtained in the case of the alloy which had been subjected to the action of 
the active nitro^n, whereas no snch precipitate was found where the 
ordinal y nitrogen was used This proves that the active modification of 
nitrogen is absorbed by the alloy, and so gives strength to the theory that 
the general case of absorption is duo to active modifications of gases 
produced by the eleotnc discharge It must be mentioned that no stray 
dischatge passed into the alloy bulb C 

If the gases assume an active modification, the results above are easily 
explained As the pressure decreases, the velocity of Uie electrons becomes 
greater, and, as it is these which by their collisions with the molecules of the 
gas pioduce the active modification, a larger (piantity of the latter, compared 
with the quantity of electncity employed, would be produced at these lower 
pressuies 

It will be observed that greater absorption always takes place at the 
cathode T^^o leasons might be ]uit forwaid in explanation Owing to the 
large electne force in the neighbourhood of the cathode, with the resulting 
high velocity of the electrons, it is probable that most of the active gas is 
produced at this part of the discharge tube, so there would be more near the 
alloy when it forttis the cathode than when it is the anode 

The absorption of the positive rays would provide another explanation 
When these rays were allowed to fall on a pool of alloy placed at the bottom 
of the discharge tube, absorption of nitrogen resulted However, the 
question as to whether the rays themselves are absorbed, or the active gas 
produced by them, is still undecided In all probabihty it is the formei,for 
the amount of active nitrogen produced by the collisions of the jiositive rays 
with the molecules of the gas would appear to be smalL 

§ 7 Otlur Mspenmmts 

Other metals in the molten condition, inoludiug cadmium, sine, bismuth, 
and lead, were tested for absorption of nitrogen, but no positive result was 
obtained with the ordinary duoharge This might be explained by the 
decomposition of any mtiides produced owing to the high tempeiatuiee, or 
the active gas might not be able to reach the molten meted owing to the 
presence of vapour of the metal above the suifsee. 

§ 8. Summary. 

1. The Bodmm-potassium alloy not only abaorbe mtrogen and hydrogen 
when used as the cathode, but also when it forms the anode in a dunhatge 
tabe, although the absorption relative to the quantity el electnoity passing 
ts greater in the first case tiian in the second. 
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2 Mercury absorbs oxygen in a similar manner. 

3 In all cases the absoriition relative to the electnoity mcreases as the 
pressure decreases. 

4 The gases probably assume active modifications under the influence of 
the electric discharge This supposition is strengthened by the observation 
that the known active modification of nitrogen is absorbed wlien passed over 
the alloy 

o The greater absorption, when the metals are used as the cathode, is due 
probably to the combination of the ^lositive rays with the metaL 

In conclusion, I wish to express uiy gratitude to Prof It J Strutt, F B S , 
at whose suggestion the above investigation was undertaken, for his kind 
help and interest throughout the course of the lesearch 


Photographic Analysts of Explosions in the M<tgnette Field. 

By Prof. HAROLn B Dixon, FILS, C Campbeli, MSc, and W E 

Slater, BSc 

(Beceivod June 11, — Bead Juno 18, 1914 ) 

[Flstus 6-8] 
hUroduetory 

In a discussion on Gaseous Oombiistion with particular refeience to 
explosions, at the British Association Meeting at Sheffield, 1910, Sir J. J 
Thomson called attention to the fact that combustion is oonoemed nut only 
with atoms and molecules, but also with electrons moving with very high 
velocities In the " surface combustions ” studied by Prof. Bone it appeared 
probable that the streams of electrons known to be emitted by mcandescent 
surfaces promoted combustion by eleetnfying the contiguous layers of gas, 
and the great rapidity of combustion m the explosiomwave mi^t be due to 
the molecules at the moment of combustion smidu^ out electrons with very 
high velocities. These may precede the explosion>wave and prepare the way 
for It by ionising the gas. But the motion of the ions can be stopped at once 
by means of a transverse magnetic field, m which they curl up and are 
caused to revolve in small circles. He therefore tiiouj^t it would be of very 
great interest if Prof. Dixon would repeat his experiments on the photo- 
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graphy of the explosion-wave under such conditions as to determine whether 
the form of the wave could be modified by a magnetic field 

He fuither suggested that the phenomena of the damping of the velocity 
of electrons and the initiation of chemical change by small quantities of 
moisture might be closely related 

Sir J J Thomson’s suggestion, the importance of which was emphasised 
by other phjsicists, led us to make several attempts to detect the effect of a 
magnetic held on the propagation of an explosion-wave Ho effect could be 
detected will) a short but intense held, or with a more extended but less 
intense field But we were unwilling to publish negative lesults until we 
had experimented with a more powerful magnet Then by the kindness of 
Su Eniest Itutherford we were allowed the use of one of the two new^ 
magnets he constructed last year for the ver) purpose we had m view — that 
of deflecting electrons of high velocity 

This magnet had a longei and more intensi^ iield than either of the two 
we had previously used 

Pcaci iptwn} of 

Three seiies of exi>enment8 'with three ditterent electromagnets were 
cairied out 

In the first senes the magnet used was of a moderate size, being capable of 
taking a voltage of 100 and a current of 16 amp^>^os The held was concen- 
trated by using very narrow pole-pieces, so that, although very intense, it 
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only covered about 3 cm of the explosion tube. With a gap of 2 cm> 
betureeii the poles, the intensity of the field obtained was about 8000 gauss. 

The magnet used in the second series was similar in size, but with much 
larger pole-pieces, the field being spread out over about 40 sq oni The 
field obtained was therefore much less intense but more extended than with 
the first magnet With a voltage of 60, a current of 10 amperes and a gap 
of 2 cm. between the polos, a field of 1500 gauss was obtamed. 

The magnet used m the third senes was much more powerful than either 
of the above The core was of the softest iron procurable, and of very high 
permeability. Each arm of the core earned a bobbin of brass with 1500 
turns of thick copper wire, making a total for the entire magnet of ovei 3000 
turns 

The pole-pieces, which were fixed m position by means of the large iron 
bolts as shown, were cut horn loctangular blocks of soft iron of measurements 
10 cm wide, 16 5 cm deep and 17 cm. long Each pole-piece was bevelled 
along one side, so that the field was concentrated between two surfaces of 
5 cm X 17 cm The gap used was about 2 cm Under these conditions, 
and with an EM F of 100 volts and a current of 7 ampi^res the intensity of 
the field was found by means of a fluxmeter to be 10,000 gauss Througii 
17 cm of this field the explosion was made to travel 

To obtain a practical test of the efficiency of the magnet in deflectmg a 
stream of electrons, its effect on the /9-rsys from radium was tried A tube 
of radium bromide was placed at one end of the field and a banum platmo- 
cyanide screen at the other Before' turning on the current, the phos- 
phorescence produced by the rays was easily visible, but immediately the 
mi^net was made, it disappeared. The experiment was repeated with the 
screen at a distance of 10 mm. from the radium. Again every ray was taken 
out Finally, by bending the screen mto a half-tube and by placing the 
radium in the axis of it, it was found that all the rays were so deflected that 
no pomt on screen more than 2 mm. in front of Uie radium was affected 

Arrangmmt of ihe MagneU. 

The magnets were arranged similarly to the one shown in the photograph, 
one pole-piece standing directly above the other in sueh a way as to allow the 
explosion tube to pass honsontally between tiie two. In each case the 
distance between the pole-pieces was 2 cm., being just sufficient to admit the 
glass tube 

With the two noaUer magnets, thin wooden props were placed at eaoh 
comer of the poles to act as reference marks. 

In the case of the tiiird magnet, small brass pillars were substituted for the 



Photographic Analysis of Ejplosions in the Magnetic Field 509 

wooden props, to serve the purpose of supports, the iron bolts being insufficient 
to withstand the mutual attraction of the poles. These pillars appear in the 
photographs as two dark vertical bands, the thmner one being the nearer to 
the starting point of the detonation wave 

Tlie height of the magnets was a^^usted so that the part of the tnbe 
running between tlie jxiles was at nght angles with the camera, and in the 
some horizontal plane 

The distance between the lube and the camera was such that about 10 ran 
of the tube on each side of the poles should appear on the photc^raph 

Atrangement of Tubes, ebs 

The tube m winch the explosion was made to travel consisted of a lead 
pipe, of length 130 cm and inteinal boro 1 2 cm At one end of this was a 
brass ferrule into which was fixed by means of Faraday cement a strong glass 
tube of length 68 cm and internal bore 1 2 cm At the other end was the 
sparking arrangement (a gloss finng-pieco carrying two platmum terminals) 
and a brass tap tlirough which the tube was filled By this means time was 
allowed for the explosion to set up the detonation wave before reaching the 
magnetic field. 

In the experiments on the initiation of the flame, the platinum terminals 
were fused into the glass tube in which the explosion was photographed, tlie 
spark being passed in some cases between the poles of the magnet, in others 
about 1 inch beyond them 

In all cases the mixture was fired by a discharge fiom a Eubmkorfif coil, 
which was started by means of a switch near the camera. 

The Photographic Apparatus 

The camera was similar to the one used in previous experiments on the 
photographic analysis of explosions 

It consisted essentially of a stout light-proof box fitted with an adjustable 
lens which could be focussed on to a rapidly revolving wheel carrying the 
film. Thu wheel was 1 metre in circumference and could be rotated by 
means of suitable geonng at a speed of about 80 revolutions per second. 

Sastman’s N C films were found to be the most suitable for the purpose 

Description of an Expenmmt, 

The method of carrying out an experiment was as follows : — 

The camera having been focussed on the portion of the tube paasing between 
the msgnetio poles, the tube was swept out and filled with the previoudy 
prepared mixturCt and a cork inserted m the bee end cA the glass tube. 
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In expenments with the less violent mixtnres suoh as 200 + 0* and 
H 3 + 20 a, the cork was firmly fixe<] but with the more violent mixtiires it was 
inserted loosely and allowed to be blown out. 

The room was then darkened and the film fixed on the wheel and rotated 
The speed of the wlieel was not determined accurately, but a rough measure- 
ment showed that in all these experiments the wheel performed about 40 
revolutions per second, corresponding with a velocity for the film of 40 metres 
per second As soon as the wheel was lotatmg uniformly, the current was 
switched on to the magnet and the mixture filed. 

Hie experiment was then repeated under exactly the same conditions, 
except that no current was sent through the magnet B> this means pictures 
were obtained of explosions of the same mixture with and without the magnet, 
other conditions lieuig the same Tliese could then be compared and any 
differonce between them noted The films weie developed and fixed m the 
usual manner 

Dtarriptwn oftlu Photogiaphs (Plates 5-8) 

The phott^aphs reproduced show the movements of the flames of different 
gaseous mixtures analysed by the rotation of the film 

(1 ) The oxplosion-waves m the followmg mixtures were photographed as 
they entered, traversed and emerged from the magnetic field, and again 
when they travelled through the same tube without the magnet being 
made — 

a. Cyanogen and oxygen with different proportions of lutrogen 
fi. Hydrogen and oxygen in different proportions 
7 Acetylene and oxygen 
S Carbon disulphide and oxygen 
€ Carbon monoxide and oxygen. 

In Photographs 1 and 2 the explosion-waves in equal volumes of cyanogen, 
oxygen, and nitrogen are shown The wave travellmg from nght to left at 
a uniform velocity makes a straight inclined line at the bottom of tlie 
picture, the inclination depending on the' horizontal velocity of the image 
of the explosion-wave and on the vortical velocity of the film The entrance 
to the magnetio field is marked by the first vertical dark line on the photo- 
graph made by the small brass pillar (which helps to separate the magnets) 
obscuring the light in the tube behind it Ttie flame is seen to continue 
in the same straight hne and with the same bri^tness as before, and 
therefore with the same velocity and intensity through the magnetic field, 
and after passmg the second vertical dark line, made by the cortespondiag 
brass pillar at the further end of the mnguet, to oontmue its course without 
alteratbu. The uichned line stretchmg fvm 1^ to right above tlie firat b 
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caused by the reflection from the cork at the end of the tube This reflected 
wave (travelling, of course, more slowly than the explosion wave) appears 
also to be uiiaflected by the magnetic field The companion photograph 
shows the progress of the explosion wave and the return of the reflected 
wave in the same mixture without the magnet being made. No difference 
due to the magnetic field can be detected 
Photographs 3 and 4 show the explosion-waves m electrolytic gas The 
flames travel, as before, horn right to left, and the reflected waves return, later, 
from lett to right No difference due to the magnetic field can he detected 
Photographs 3 and 6, acetylene and oxygen, and 7 and 8, carbon disulphide 
and oxygen, show more detail, as the flames are bnghter and more prolonged 
In each case a second reflected wave, tiavelling in the same direction as the 
original explosion wave (from right to left), is visible high up in the photo- 
graphs The magnetic field has no visible mfluence 
Photographs 9 and 10 show the explosion-waves in carbon monoxide and 
oxygen In this mixture — where water vapour is necessary for the propaga- 
tion of the explosion and a wider scope for the action of electrons might be 
presumed — there is still nothing which can be attnbnted to the magnetic 
field Comparative expenments with the moist and dried gases — the dried 
mixture havii^g stood over oil of vitriol — showed no difference as the flames 
traversed the magnetic field (Photographs 11 and 12 ) 

(2) Lastly, the effect of the magnetic field on the initiatory phases of 
explosion flames was studied. The photographs reproduced show (13 and 14) 
the flame m acetylene and oxygen initiated ly a spark just outside (to ^e 
left) of the magnetio field The flame as it spreads to the nght enters and 
passes through the field, its acoelerataon being unaffected by the magnet 
The explosion-wave is not set up before the flame has passed beyond the 
range of the photograph. 

Photographs 15 and 16 show the same mixture (acetylene and oxygen) 
fired by a spark in the centre of the picture between the magnetio poles 
The flames spread m the same way whether the magnet is on or off The 
eentral (faint) perpendicular band is due to distortion of the glass tube 
where the platinum wire is fused in. 

Since the powerful magnefao field employed produced no visible effect 
with any gas mixture, and since the mechanism of a compression-wave 
(liberating the chemical energy as it goes along) accounts in a reasonable 
wiy for Ihe phenomena of gas explosions, we see no evidence that convmoes 
usHhat the velocity of the exploeion-wave is due to the ionising action of 
eldStrcms. „ 

2 0 
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On the Spectrum of Elementary Stlicon. 

By Sir WiixuM Crookks, 0 M , P R S 

(Received June 16, — Read June 25, 1914 ) 

Few eleinente have had ho much attention directed to their spectra as 
Hihcon, and scarcely any element has shown such diverse results between 
recorded observations of different observers 

Hitlterto no observer has recorded a complete table of lines from the 
shortest ultra-violet to the last pair of lines visible in the red Tlie values 
I now give are the result of observations extending over 11 years, during 
which time the advent of the colour-sensitive plate has made possible photo- 
graphic records of hnes that are visible. 

The accurate tabulation of the wave-lengths of hnes in the silicon 
spectrum is of considerable importance in physical astronomy , several stars, 
especially those of the Orion type, have lines corresponding to Imes of 
silicon Some years ago whilst Btud 3 nng the Unes in a particular part of the 
silicon spectrum I was surprised to find that lines given hy my own spectro- 
scope did not altogether tally with lines m the same part of the spectrum 
recorded by other observers, some being altogether absent, while the wave- 
lengths of others did not correspond witbm allowable errors of obeervabon 
The cause of some of these discrepancies was traoed to impurities m the 
samples of sihoon used by myself and others I endeavoured to clear up 
these doubtful points by trying to secure dementary sihcon in as high a 
state of punty as possible Every sample that oould be obtained by purchase 
was tested and found to be far from pure, olthouf^ impnnties were different 
in kind as well as quantity 

Many different samples of fused silicon have been used by me in this 
research Most samples were obtained by purdiase from dealers in ohemieals, 
rare metals, and their alloys I oould not find a sample sufficiently feee from 
metallic impurity to show no extraneous lines in the speotram. Some samples 
gave an excess of one set of lines, while others would give a number of 
hnes due to another impurity. It was evident that all commercial silicons 
were impure, and the impurities in some samples were different from those in 
others At first I started getting the lines actually due to silioon hy enlarging 
the photographed spectra and then comparing the lines they had in eomauMi. 
In this way 1 got at last a tolerably good map of dm sikoon lues, which mip, 
howdver, differed seriously from many maps given by other obeervets. 

The Carborundum Company at Niagara Falls have been making Inge 
pans, cyhndeie, and vessels of fused and oast silioon for the use of menu- 
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factunng chemists. I wrote to the Niagara firm explaining my diffionltiee, 
and asking for sihoon of a high degree of purity They oourteoosly lephed 
that it was not possible to manufacture sihcon in commeicial quantities of 
a higher degree of punty than 98 per cent , but occasionally they got small 
specimens occluded in slags assaying 99 per cent and over They sent me 
three samples having this origin, giving on analysis 99*56, 9986, and 
99 98 per cent of sihcon, the impurities beit^ titanium, iron, and aluminium. 
These samples have been used in correcting the hnes given by other less 
pure samples, and in clearing up doubtful pomts where impurity would 
interfere with certainty of identification 

Fused silicon is an interesting material, and when pure takes a high 
polish Used as electrodes with the high frequency current much trouble 
IB caused owing to a coating of oxide tliat forms almost at once, the spark 
becoming much less luminous. Under these conditions the surface of 
the electrodes presents a cunous pitted appearance, as shown in fig. 1. 



Fie. 1. 


After trying many methods for keeping the qpark bright, success was 
aohisved by frequently removing the poles and gnnding the surEsoes with 
sa emeiT wheel ; in some oases where an exposure of seven hours was given 
a seeond pair of electrodes was employed, ohangmg every 16 minutes, and 
r»igrinding one pair while the others were q^king. 


2 0 2 
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The instminent used for measu^ng the lines is that descnbed in my 
paper “ On the Ultra-violet Spectrum of Sadium ”* In most esses pure iron 
was used to obtain the standard hues for comparison Self-mduotion was 
introduced by an adjustable coil interposed in the path of the secondary 
current so as to suppress most of the air lines Tlie standard hues of iron 
or other metal selected for comparison with the silicon lines were photo- 
graphed simultaneously on the same film, so that measurements could be 
taken in the comparator. From data so obtained the wave-length of 
each line was calculated by my son — ^Beniard H Crookes, MSc — according 
to the method given in my paper “ On the Ultra-violet Spectrum of 
Eadium ”f 

Becently an improvement has been made m my spectrograph, due to 
difficulties met with in photographuig some of the very famt lines in the 
silicon spectrum Long exposures were often necessary, in some cases many 
hours, and it was found that the variation in the temperature of the laboratory 
caused sufficient shift in the spectrum to make an otherwise sharp Ime appear 
blurred With my original plan of projecting the two spectra upon the plate 
in succession by means of stops placed before the slit the temperature vena- 
tion introduced maocuracy ; because the standard spectrum of non or other 
metal only needed comparatively short exposure, and the room temperature 
during that penod might be different to the mean teipoperature dunng the 
long silicon exposure. 

To remove this uncertainty a right-angled quartz reflecting pnsm is mounted 
so as to cover the lower half of the aht The upper half of the slit receives 
the direct light from the sparking silicon, whilst the light from the standard 
metal spark is at the side, and is passed mto the lower half of the slit by 
reflection throu^ the right-angled pnsm. In tins way both the standard and 
the silicon spark can be photographed simultaneously. The difficulty intro- 
duced by the vaiiying brightness of the two sparks is avoided by adjustable 
diaphiagms mounted between each spark and the slit; by adjustmg these, the 
light from the brij^iter spark is reduced so as to equal the fainter one and 
make the resulting spectra of the same intensityt 

The same end may be gained by giving one-half of the exposure neceesary 
for the brighter spark at the commencement, and one-half at the finish For 
example, in the case of a seven hours’ exposure of silicon, with a vanadium 
standard that needs only one hour, the exposure is made by startmg both 
sparks simultaneously, and after thirty mmutes stopping the vanadium and 
starting it agam after six hours and allowmg both to finish together. 

♦ ‘Eoy Soo Proo vol. 72, p 295. 
t Loe. etV , p. 902.* 
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In this way any shift of the spectrum due to change of temperature results 
in an apparent broadening of the lines, and both the standard and the silicon 
are affected m the same way. The result on the photogiaphic fibns is shown 
by ti^o lines of spectra, running parallel to one another and almost, if not 
quite, touching In the case of silicon, lines are met in the whole length of 
the spectrum from high in the ultra-violet through the visible part to the red 
ra}'s, and it happens occasionally that lines are present where an almost blank 
space occurs in the iron spectrum , in these cases some other element has to 
be selected containing spectrum lines in the desired gap Some of the stan- 
dard lines chosen have not been measured as accurately as those of iron ; 
therefore my measurements based on such hnes have not the same degree of 
accuracy as tlie lines measured against an non standard In some cases, 
however, I have been able to re-standardise the lines in the sihcon used, by 
measunng them against iron hnes near enough for this purpose, but not near 
enough to the silicon lines 

There are two lines of silicon ui the orange-red portion of the spectrum, 
extremely faint and hazy in appearance , to get their image with the most 
sensitive panchromatic hlnis required an exposure of many hours with the 
5-prism quartz tram 1 therefore used for these lines an instrument designed 
some years ago whereby eye observations could be taken and recorded with 
the 5-pri8m spectrograph 

The apparatus shown in outline drawing, fig. 2, takes the place usually 
occupied by the camera in the 5-pnsm spectrograph It consists essentially 
of a telescope, AB, furnished with the usual micrometer eyepiece. A, and 
fine wires The object lens, B, is mounted on an accurately cut screw, C, 
of one hundredth of an inch pitch, by rotatmg the screw the lens B is 
moved sideways so as to traverse the spectrum over the wires m the 
eyepiece A, the prolongation of the screw C comes a brass drum, D, 
one inch m diameter, which has ten needle pomts equally spaced round it. 
A narrow roll of paper, £, is mounted on a spool just above the drum D, and 
one end of the paper is pressed on its surface by a soft rubber roller, F. 
Botating the drum D therefore draws the paper off the spool £, and impnnts 
on It ten perforations for each revolution of the drum. As one revolution of 
drum carries the object glass one hundredth of an inch sideways across the 
lines under measurement, and the drum is one mch in diameter, the space 
between each perforation equals 1/lOOOth of an mch movement of the object 
glass. (The actual distance apart of the dote on the paper is 0 3146 of an 
inch.) For oouvenience of calculation one of the needle pomts is doubled, so 
as to note each complete revolution. This device of marking the distances on 
the paper at thesame moment as lecordingthe lines eUminates any uncertainty 
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that \ro\ild otlierwise be due to subsequent unequal altetation in the length 
of the paper. 

The paper baud, on its way from the spool E to the drum D, passes over 
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a small table, F , at this point a fine pen, G, carried on a slide, can be made 
to trace a line any desired'length across the strip o^ paper by preesore of the 
finger upon the lever H 
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The method of measurement is as follows — By rotating the screw, the 
spectrum is made to traverse the field of view, and when the Ime to be 
recorded coincides with the fine wires in the eyepiece, a touch of the finger 
on the lever, H, draws an ink record across the paper strip When all the 
Imes arc I'ecorded the pap^r strip is removed, and the distance between the 
dots on the paper can be subdivided into 10 parts by means of a transparent 
scale, by which the distance apart of any of the recorded lines can easily be 
measured From these measurements the wave-lengths of the Imes can be 
calculateil in the same way as if the measurements were taken from a 
photograph The distance apart of the sodium lines Di and Dg, recorded on 
the paper stnp, is 23 mm 

A good method of correcting these paper records is to take several observa- 
tions upon each hue in succession, moving the line backwards ovei the fine 
wire between each record In the case of very sharp Imes the records 
practically are pi the same place In other cases the ink hues may not be 
exactly su^ierposed, because the hnes to be measured are faint and hazy, and 
differences in position of the recoids are due to the almost msuperable 
difficulty of the eye hitting on the exact centre of the nebulosity In such 
cases accuracy is obtained by taking the mean of the adjacent records of the 
same line 

The first published record of the silicon spectrum is by G Salet in 1873,* 
who gave the wave-lengths of nine Imes in the visible part of the spectrum 
from the orange to violet His numbers differ from those of later observers, 
and as there are more accurate determinations of wave-lengths, I have 
omitted them as of no present value 

In 1893 and 1898t Bowland published the wave-length of 30 lines 
occurring in the solar spectrum, ascribed by him to silicon 

In 1900$ Sir Norman Lookyer gave the wave-lengths of 14 lines in the 
blue part of the spectrum He used silicon bromide in a vacuum tube and 
elementary silicon 

In 1901§ Sir Walter Noel Hartley ^ve the wave-lengths of eight Imes 
photographically recorded m the ultra-violet part of the spectrum He 
obtained them by saturating one of the carbon poles with sodium silicate. 


* ' Ann. do Chim et do Phys vol S7, p 65 

i- ‘A Preliminaiy Table of Solar Spectrum Wave-lengths,’ Chicago , “A New Table of 
Standard Wave-lengths," ‘ Phil Trans voL 36, p. 46 
t ‘ Boy Soc. Proc ,’ vol 67, p. 408 

X ‘ Boy. Soc Proc.,’ vol. 68, p 178. This paper is a revision, as far as the wave-lengths 
are concerned, of measurements of the lines published by the same observer in 1888 
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In 1902* * * § Exner and Haschek published a list of 45 wave-lengths of linos 
in the silicon spectium from the extreme ultra-violet to the blue 

In 1903t A de Grainont, using elementary silicon and sodium silicate on 
platinum wire» gave u list oi silicon lines partly selected for astrononucal 
comparisons. 

In 1905} J Lunt gave a list of nine lines of silicon, m the blue portion of 
the spectrum These were seen in various vacuum tubes. 

In the same year E B Frost and J A. Brown, § using elementary silicon 
and titanium prepared in the electno furnace, made careful measurements of 
three silicon lines selected as being of especial utihty in determinations of the 
radial velocity of numerous stars 

In 190811 de Gramont, in conjunction with C de Watteville, using silicon 
poles in an atmosphere of hydrogen, published a further list of 23 lines 
ranging from the extreme ultra-violet to the point in the violet where 
de Gramont's earher list commenced 

In 191111 Eder and Yalenta published a list of 28 lines in the silicon 
spectrum, mostly in the ultra-violet portion and extending down to the blue 

In the Tables which follow I give the wave-lengths of the silicon hnes 
measured by the observer named above Earlier spectmm observations were 
necessarily imperfect, chiefly because of the difficulty in gettmg elementary 
silicon even m an approximate state of purity Some observers also have 
limited the range of their observations to a small part of the siiectrum, for 
astronomical and other reasons 


* * Welleulangen Tabelleu ftir Spektial-analytiNcho UnterBucliungen,* Leipzig and 
Wien 

+ ‘Chemical News,’ vol p 238 A paper read before the Bntuh Association, 
Southport Meeting 

X ‘Boy Soc Proa/ vol 76, p. 118 

§ ‘ Astrophysical Journal/ voL 22, pp 167, 260 
II ‘ComptesBenduBf'Tol 147, p 239. 

5 ' Atlas Typiacher Spectren,’ Wien. 
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T%e Excitation of y-Rays hy R-Rays 
By H Bichabdbon, M Sc., Beyer Fellow, University of Manchester 

(Communicated by Prof E Rutherford, F R S Received June 5, — 

Read June 25, 1914 ) 

The excitation of 7-rays by the impact of /9*rayB on different substances 
has been investigated by several observers The question was first 
systematically examined by J A Gray He showed that penetrating 7-rayH 
are produced by the j3-rays of radium E when they impinge on different 
materials, the amount of 7-radiation increasing with increase of atomic 
weight of the matenal * The particnlai disposition used in hia first 
experiments was not suitable for the examination of any soft types of 
radiation which might have been excited, but in later work he showed, 
for the first time, that charaotenstic radiations were excited in the case 
of silver, tin, liarium and cerium f Chadwick,^ using the balance method 
of Rutherford and Gliadwiok,§ examined whether the /9-rayB from radium B 
and radium C excite penetrating T-rays in different kinds of matter 
Definite evidence was obtained that an excited radiation amounting to about 
0 5 per cent of the primary 7-tadiation is produced. This method, however, 
was not suitable for the detection of soft characteristic radiations These 
general results have recently been confirmed by StarkeJI using the /S-rays 
from a strong preparation of mesothonum 
* In previous papers by Rutherford and the author on the analysis of thp 
7-tayB from radioactive substances,! it has been shown that the 7-rays 
emitted by the different products can be separated into groups differing 
widely in penetrating power. Some of these nuliations appear to be 
charaotenstic of the elements by which they are emitted and fall mto 
one or other of the serieC given by Barkla.** On the other hand, some 
of the groups of rays found do not appear to belong to either senes. It 
was further shown in previous work that when radium C is deposited on 
nickel a soft radiation is given out which is entirely absorbed by 2 mm. 

* J A Oray, ‘Roy Soe. Froo A, vUl f»,p 131 
f J. A Oray, ‘Boy. Soo. Froo,,' A, voL 87, p. 489 
{ J Chadwick, ‘XliiL Mag ,’ vol 84, p. 594 (1918). 

I Rutherford sad Chadwick, ‘ Fhya. Boa Fim Apnl, 1918 
]| Starke, ‘Fhya Zett.,' voL 14, p 1088 (1914). 

Rutherford and Bichardeoa, 'Fbil Mag,‘ vol 85, p 788 (1013X and vol 86, p. 884 
<1913). 

** Barkla, ‘Fhil. Mag / vol. 88, p. 896 (1811). 
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of aluminium This soft radiation \wib much more readily absorbed than 
that emitted by radium B, and for which /t = 40 (cm but it was 
appreciably harder than the oharactenstic radiation of mckeL Moreover, 
when radium C was deposited on silver, little, if any, soft radiation 
appeared to be emitted. It seemed of importance, therefore, to examine 
in detail the nature of the radiation excited by the /9- and >y-ray8 from 
radium B and radium C, and to examine the lieanng of the results on 
the type of radiation emitted by different materials on which radium C is 
deposited 

JExpenmental Arranffemeni 

The apparatus used in these experiments was similar to that pieviously 
employed in the analysis of the y-rays An alumimum electroscope A, 
which could be filled with the vapour of methyl iodide, was arranged as 
shown in plan in fig 1 The faoe B of the electrosoope was covered with 

mica equivalent in stopping power 
for a-rays to 2 om. of air A mag- 
netic field was used m older to 
prevent the entrance of direct or 
reflected ^-radiation into the electro- 
scope The pole-pieces of the magnet 
were 16 cm m length, and in most 
of the experiments the pole faces 
were about 9<om apart All exposed 
metallic surfaces were covered with 
cardboard to reduce, as far as possible, 
the effect of scattered radiation 
The active source used throughout these expenments consisted of an «-ray 
tube containing about 50 milkouries of radium emanation Such a source, 
of course, emits a very intense pnmaiy y-radiatum, which would be 
Buifioient to mask the effect of any exmted radiation produced if smtable 
means were cot adopted to dimimsh its effect, as far as possible In order 
to do this, a block of lead C, 8 om. long and 4 om broad, was placed as 
shown m the figure The «-ray tube was placed behind this block at the 
pomt D The radiators used throughout were rectangular in shape 
(8x35 cm.), and were, in most cases, sufficiently thick to stop the whole 
of the /S-rays The radiator was placed, as shown at B, such that the 
line jommg D to the centre of the radiator was parallel to the lines of 
force of the magnetic field. Now it is well known that a ff-nj 
projected obliquely to the direction of a uniform magnetic field always 
moves in a helix whose axis is parallel to tlm lines of magnetic feme. 
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Consequently, with the particular disposition employed, it will be seen 
that the /S-rays are to a certain extent concentrated on to the radiator 
Any excited 7-radiation pioduced may be therefore dne either to the 
impact of the /9-rays which stnke the radiator, or to the effect of the 
primary 7-rsdiation emitted by the radium B and radium C 

Method of Expn'imetit 

As the method of procedure was practically the same in all cases, it will 
only be necessary to descnbe one experiment m detail The radiation fiom 
copper was one of the first to be examined This element was selected since 
one might expect to excite in it a radiation whose effect is relatively very 
large when methyl iodide vapour is used in the ionisation chamber A 
copper plate was placed in position at R and readings of the ionisation were 
taken fiist of all when no absorbing layers weie mserted, and secondly when an 
aluminium sheet 2 mm thick was mserted at E A laige diminution m the 
ionisation showed at once the presence of a very soft 7-radiatiou, In order 
to analyse the radiation which entered the electroscope it was necessary to 
separate out the effects due to the pnmary 7-radiation from the source, and 
which cannot be entirely cut out by the lead block C, and also that due to 
scattered and reflected radiation To do this it is necessary to take two 
distinct sets of readings for the ionisation The ionisation is measured for 
each pai'ticular absorbing layer first when the radiator B is in position, and 
then when the radiator is not present The difference between these two 
readings gives the ionisation due to any excited radiation together with that 
dne to scattered and reflected radiation Florance* in his recent work has 
shown that the latter is only slightly less penetratmg than the pnmaiy 
radiation. 

Table I gives the results obtamed in one particular experiment with a 
copper radiator 

The curve A, flg 2, shows the results graphically This curve was analysed 
by the methods already employed in the aeration of the 7-radiations It 
will be seen that in addition to the hard scattered radiation there is also 
present a soft type which is entirely absorbed by less than 0'5 mm. of 
aluminium, Curve B shows further that the soft radiation is exponentially 
absorbed and that it has a mass absorption coefficient in aluminium 
nfp ss 47 5 (omr*). It IS clear that this radiation is identical with the 
characteristic radiation of copper excited by X-rays, for which Barkla found 
the value of /»//} « 47 7 The residual radiation is of a much more penetrating 


* Floranoe, *Fhil voL S7« p Sift (1914). 
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Table I — Copper Itadiator 


Thioknefl 0 of 
aJuminiiiiQ 
abflorber 

loniaation with 
B in position. 

Ionisation with 
no radiator B 

lonuadon 
due to excited 
and scattered 
radiation 

mm 

diTS /mm 

diTH /min 

divs /nun 

0 

50 0 


25 1 

0*0808 

j 62 4 

U H 

17 6 

0*0516 

47 fi 

34 8 

12 2 

0*0924 

43 4 

34 1 

0 8 

0 128 

40*9 

33 9 

7*0 

0 185 

87 6 

i8 0 

4 6 

0 246 

36 4 

13 0 

3 4 

0 6ft 

8 

33 3 

2 5 

1 12 

1 

36 2 I 

1 

32 8 

1 

2 4 



Fie s 


type It had an absorption ooeffioieut in alauininm of ^ a 0*2 (cm.*'*) and 
consisted mainly of scattered radiation. 

The examination of the excited charactenstio radiataoiu has been extended 
to a large number of elements and compounda Hie following Table gives 
the resnlts obtained 
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Table II 


Element. 

Atomic 

weifcht 

Mata 

absorption 
coefficient in 
aluininiutn 
Senes K 

Mbbb 

absorption 
ooeffiomnt in 
alummium 
Senee L 

Correflponding valuee of 
nuuw absorption 
coeffleienU obtained by 
Barkla and Chapman 

CoMt 

^8 9 

72 6 


71 6 


Miokel 

61 i 

58 5 


69 1 


Copper 

68 6 

47 5 


47 7 


Zino 

(i6 4 

89 8 


39 4 


Arvenie 

74 0 

28-0 


22 6 


Selenium 

79 2 

10 8 


18*9 


Bromine 

' 79 ii 

16 7 


16 4 


Molybdenum 


1 * « 


4 7 


Silver 

107 9 

2 5 


2 6 


Tin 

119 0 

' 1 6 1 

1 

1 67 


Bonuxn 

137 4 

0 9 ! 


0 6 


Erbium , 

, 166 0 1 

1 




Platinum 1 

1 196 d 1 

! 

22 H 


22 2 

Gold 

197 2 1 

1 

21 4 


21 6 

Lead 

207 1 1 

1 

, 17*0 


17 4 

Bismuth 

206 0 


16 4 


16 1 

Thorium 

232 0 


1 8 6 


8*0 

Uiunium 

288 0 


' 7 8 

1 

1 

7 6 


In most cases the pure metals themselves were employed as radiators, but the 
oxides were used for the examination of the radiations from arsemc, cobalt, 
erbium, barium, thorium, and uranium, and for that from bromme a thm 
layer of potassium bromide was taken. Tlie absorption was m all cases 
deternuned in aluminium of density 2 72 The numbers previously obtaued 
by Barkla and Chapman,* for the absorption of the charaoterlstio radiations 
excited by X-rays are given in the Table In practically all oases the 
agreement is very good 

It will be seen that the only radiations which it was possible to excite fall 
into the two groups previously found by Barkla Ko evidence has been 
obtained of a radiation which would correspond to that emitted by radium B 
and for which /a » 0'6 (cm.~*) in aluminium 

The question of the relative amounts of radiation exoited m each case has 
not, so far, been examined m detail Grayf in his early experiments found 
that the actual amount of exoited radiation uioreased with the atomic wei^t 
of the radiator. As previously pointed out, these results only refer to the 
penetratmg types of radiation exoited and do not hold m the oase of the 
oharaoteristic radiations here investigated. Under the eiq^erimental conditions 
the amount of exoited radiation was a maximam for elements of low atomic 


* Chapman, 'Boy Soe Proe.,' A, voL 86, pi. 489 
t J A, Gray, 'Boy Soe. Proo,,* A, vol. 86, p. 613 
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wcnght such as copper, and the amount decreased with increase of atomic 
weight A comparative idea of the amount of characteristic radiation 
produced may be obtained by measuring the lomnation both with and without 
the radiator and comparing the increase in the ionisation for the different 
radiators Under these conditions in the case of copper the increase was 
42 per cent , whereas in the case of barium it was only 9 per cent In con- 
sidering these results, however, account must be taken of the relative 
ionisation in the methyl iodide for rays of widely different penetrating power 
The whole question of the energy of the radiations cannot be conveniently 
discussed until the absorption of the y-rays of different types in various gases 
has been examined. It does not imply, for example, that, because in the case 
of an element of small atomic weight the ionisation is magnified by means of 
the methyl iodide vapour, the energy of the characteristic radiation is 
relatively gi^at Tins problem is at present under investigation in this 
laboratory. 

ConTiectKni of the Bemlts the Orh^’in of the Oharacter%skc Badmtimie 

• 

Attention has already been drawn to the difficulty of separating entirely 
the effect due to the /9-rays from that due to the 7 -ray 8 Several experi- 
ments were mode in which the «-iay tube was surrounded by different 
materials, so that advantage might possibly be taken of any difference in the 
abeoirbability of the fi- and soft 7 -ray 8 The difference is not, however, 
sufficiently great to give any definite results. It will be seen, however, that 
if the excited radiation is due to the impact of the /S-rays and not to the 
T-rays, then if the radiator is moved into some position Bi (see fig 1 ) the 
^•rsys enutted by the source are no longer concentrated on to the radiator, 
and the excited radiation should be entirely cut off. Expenmente made 
with varying positions of the radiator showed conolusively that the excited 
radiations produced are almost entirely due to the impact of the /9-rayB. 
It was at first supposed that the excitation of the rays might be dne to the 
T-rays emitted by radium B and for which ^ s 40 This seemed probable, 
since these soft 7 -rays are similar m character to penetrating X-rays used 
by previous workers for the excitation of oharaoteristic radiations. The 
results show, however, that any effect dne to the T-rays must be very small 
compared with that due to the /S-rays 

It is interesting to note here also that the effect of the a-rays in producing 
excited 7 -radiation mnst be relatively very small Chadwick first showed 
tliat a small amount of 7 -radiation is produced when the a-rays of radium C 
impinge on plates of different material* The amount of this radiation was, 
* J Chadwick, 'Phil Mag vol. 86, p. 188 (1818) 
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however, too small to permit of aualysia la later experiments Bussell and 
Chadwick* distilled polonium on to a copper plate, and were able to detect 
a very small amount of radiation which appeared to be the charaotenstic 
radiation of copper excited by a-rays. In order to examine whether the 
a-rays from radium C produced any appreciable amount of 7-iadiation with 
the experimental arrangement shown in fig» 1, the ionisation was first of all 
measured when air was between the source D and the radiator B, the 
radiator being placed just beyond the range of the a-particles emitted ly 
radium C A stream of hydrogen was then directed so that the an between 
1 ) and B was displaced By this means the range of the o-rays was increased 
and the rays weie able to strike B No measurable increase of the ionisation 
was observed, thus showing conclusively that in these expenments the effect 
of the a-rays is negligible compared with the jS-rays in the production of 
excited 7-radiatioiis. 

Expenments with the Penetrating y-Eags from Jtadmni C 

The previous experiments have shown that whilst the /fi-rays from radium 
B and radium C excite a large amount of charaotenstic radiation the 7-rays 
from radium B do not Becently Floranoef has examined the question of 
the excitation of 7-rays by the penetrating T-rays emitted by radium G 
His expenments would appear to indicate that in one case only, namely, in 
that of lead, was any such radiation very definitely observed A slight 
modification in the arrangement of the above experiment seemed suitable for 
testing this point. The source used in this expenment consisted, as before, 
of an «-ray tube oontaming about 50 millicnnes of radium emanation 
In this case, however, the tube was surrounded by a cylinder of lead 8 mm 
thick, a thickness sufficiently great to absorb entuely the 7-raye emitted by 
radium B. In order to reduce the direct eflbot of the 7-radiation to a 
minimum , a small pole-piece was need as sbowm m fig. 3 , and the piece of 
iron which had been removed was replaced by a large block of lead By 
this means the direct effect was reduced to a considerable degree. A large 
radiator B was placed in the position shown, and readings of the ionisation 
were taken both with and without the radiator, as m the previous expen- 
ments, No definite evidence of the production of any excited radiation was 
observed under the experimental conditions This eras no doubt Aue to the 
fact that the amount of radiation excited by the hard 7-rays is relatavdy 
much feebler in intensity than that produced by the /S-rays. The effects could 
only therefore be measured by means of a much more sensitiye arrangement, 

« BusMll and Chadwid^ *FhiL Msg.,* voL se, 113 (1914). 

i florutos, ‘lliil, Hsg.,* voL 37, p. (1914). 

m. X0.-^A 2 F 
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as, for example, by the use of a balance method such as was adopted by 
Chadwick and Florance 

Analysts of th^ •^-BaAvUvon exeUed by Sodium C tn Nudsd 

The previous experiments show conclusively that the iS^iays of radium II 
and radium C excite the charactenstio radiations of those materials on which 
they impinge It has already been pointed out that the radiation emitted 
when radium C is deposited on mckel is not the charactenstic nuhatiou of 
mckel but is appreoiably harder It seemed possible to complete the analysts 
by depositing radium 0 on some matenal, such as aluminium or carbon, which 
emits a charactenstio radiation so easily absorbed that it could not be detected 
under the expenmental conditions. 

In order to obtain a deposit of radium C on different materials a vety 
active nickel wire was first obtained by von Lerch’s method. The deposit of 
radium C was then distiUed from the mckel on to the matenal required. 
The distillation was carried out in an atmosphere of hydrogen at a tempera' 
ture of 700° C, Tlie furnace used for this purpose was the same ns that 
previously used by Bussell and Chadwick* and descnbed by them m detail 
The distillation could be quickly and efficiently carried out. 

The absorption curve for the y-radiation emitted when radium C was 
deposited on a nickel wire was first of all determined This was found 
in the usqal manner, the electroscojie shown m fig. 1 being used, and the lead 
block C in this case being of course removed. The curve obtained is shown 
m fig 4, curve A, The residual hard radiation due to the radium C is 
mdicated by the dotted line. A deposit of radimu C was then obtained on 
a thin alumimum strip and the absorption curve for the radiation emitted 

* BumsU and Ohwlwiok, ‘ Phil Mag.,’ voL V, ik IIS (1»14). 
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Thickness m nun ofalununiuiu 
Fio 4. 


waa found under the same conditions as before The cun'e obtained u 
shown in fig 5 It will be seen from this curve that a small proportion of 
a soft radiation, amounting to about 7 per cent of the total radiation, is 



Thiokness m nun of idammiaiii. 
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given out even when radium C is depostiied on alanuniom. The analysis of 
this radiation showed that its absorption ooe&cient m alimiinium is /t ae 40, 
and It IS probably identical in character with that emitted by radmm B 
This radiation cannot be excited in the aluminium and would seem to be due 
to radium C. In order to confirm this conclusion some radium C was 
distilled on to a thin layer of graphite and the absorption curve was deter- 
mined as before The curve obtained was identical witli that found in the 
case of radium C deposited on aluminium, the amount of soft radiation 
emitted being the same in both cases The rate of decay of the active 
material was in every experiment catefnlly determined. The results showed 
that the deposit consisted of pure radium G and did not contain a detectable 
amount of radium B. This evidence clearly indicates therefore that 
ladium C, in addition to the penetrating radiation for whidi ^ = 0 115, also 
emits a small amount of soft radiation for which = 40 

In attempting to analyse the radiation from mckel it is, of course, neces- 
sary to separate the effect due to the soft radiation from the radium C This 
IS easily done amce the absorption curves were obtamed under exactly the 
same conditions Fig 4 shows the method of analysis Curve A is the 
nickel absorption curve and B is the aluminium curve. The difference 
between the ordinates gives us the effect of the radiation excited in the 
nickel If these be plotted it is found that the absorption coefficient is the 
same as that of the ohaiacteristic radiation of nickel Expenments with 
a deposit of radium C on copper and silver give siinilar results 

Summary 

(1) The general nature of the radiations excited when the 0- and ^-rays of 
radium B and radium C impinge on difierent materials has been exammed. 
Evidence has been obtamed which shows that the excitation of oharactenstio 
radiations is mainly due to the / 9 -rays and not to the y-rays 

(2) The question of the excitation of oharactenstio 7 -rays by the 
penetrating 7 -rays emitted by radium C has also been examined, but no 
certain evidence has been obtamed of the production of any such radiations. 

(3) It has been shown that radium C, in addition to the penetrating type 
of radiation for which ft^O 115, emits also a small amount of soft 7 -radis- 
tion similar in type to that shown by Bntherford and Biohardson to be 
emitted by radium B and for which /t as 40 m alumimnm. 

(4) The amount of 7 -radiation excited by the «-rays of radium C is 
negligible compared with tliat excited by the ^rays. * 

(5) When radium C is deposited on different materials a a(rft radiatitni is 
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eiaitted which consists of the characteristic radiation of the matenal, excited 
by the jS-rays of radium C, together with the soft radiation emitted by 
radium C. 

I wish to express my sincere thanks to Sir Ernest Butherford for the 
constant help and valuable advice which he has given to me throughout 
these experiments 


Electi%Jicat%on of Water by Splashing and Spraying 

By <T. J Nolan, M A., M Sc , Umversity Coll^, Dublin 

(Communicated by Prof J A McClelland, F K S Keceived June 9, — 

Bead June 26. 1914 ) 

The experiments of Lenard* and Sir J J Thomsonf on the electrification 
produced by the splashing of pure watei and other hqmds are well known 
It was found that distilled water when splashed at a metal obstacle took up 
a positive charge, giving a negative chatge to the air Very dilute solutions 
of different substances gave very remarkable results, the sign and magnitude 
of the chaige on the liquid depending on the dissolved substance and the 
degree of concentration of the solution. In all oases the electrification 
ultimately approached zero as the strength of the solution increased, so that 
for solutions of quite moderate strength the effect was inappreciable 
Simpson^ has shown that if drops of distilled water are allowed to fall mto a 
vertical jet of air of sufficient velocity, the drops are broken up and acquire a 
positive charge Investigations of the electrification produced in the air 
when splashing takes place have been made by Kahler,§ Aselmaunll and 
> Simpson. Similar investigations have been made in connection with 
bubbling and spraying of hquids by Townsend, H Sir J. J Thomson,** 
Kosterstfi EveJJ and M Bloch.§§ A complete account of the subject will be 
found m a memoir by J J Bey |||| 

* Lenard, ‘ Wied Ann.,' vol 46, p S84 (1692) 
t J J Thomson, ‘Phil Mag ,' vol 37, p 841 (1894) 

J Simpson, ' Fbil. Trans ,’ voL 909, p 379 (1909) 

S Kthler, ‘Ann der Phys; vol 18, p. 1119 (1903). 

I) Aselmann, ‘ Ann, der Phyi vol 19, p 900 fl906). 
ir Townsend, 'Oiunb Phil Soc Proc.,’ voL 9i pwt 5 (1898X 
«* J J. Thomson, ‘ Phil. Msg p 369 (1909) 

Eosters, ' Wied. Ann.,’ vol 69, p 18 (1899) 

Eve, ‘Phil. Mag.,' vol 14 (1807). 

II M. Blodi, < Cbmptes Bond voL 145, p. 54 (1907). 

III * 80 r I’lonisation de I'Air par les Chnteod’Eau,' Qautiiier>Vdlars, 1918. 
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The work described m thu paper waa undertaken with a view to obtaining 
some precise data from which it might be possible to establish a connection 
lietwoen the charge produced on the hqmd and the extent to which it had 
been broken up 

The liquid used throughout was distilled water, and two methods were 
employed for breaking it up in contact with air These were (1) splashing 
against an air-blast and (2) by spraying The expenments made by these 
methods are described in detail 

Fird Method Splaehituf Distilled Water against an Air-Blast 

This method resembles that employed by Simpson, but it is more effective 
and allows the splashed water to be more readily examined. Drops were 
allowed to fall into a very strong honzontal air-current. Each drop as it 
entered the air-stream was immediately sliattered. A mixture of small 
drops of different sizes was produced, includmg a small number of drops of 
medium size as well as a great number of exceedingly fine drops. These 
drops were carried forward through different distances by the impetus 
given by the air-blast, the larger drops bemg earned farther A rough 
sorting-out of the drops into different sizes was thus effected, and it would be 
possible, by allowing the drops to fall into a vessel set at different points, to 
compare the charge per cubic centimetre of water for drops of different sizes. 
Some expenments conducted in this manner showed at once that the charge 
per cubic centimetre depended on the size of the drops into which the water 
was broken, the charge being greater as the size of the drops decreased Thu 
method was not. however, found suitable for making accurate measurements 
of the two quantities concerned. The drops falling into the receiving vessel 
at any point were a mixture in varying proportions of drops varying over a 
considerable range in size The accidental occurrence of a few large drops 
would make a very great difference in the results of any measurement These 
difficulties were not enoounteicd to such an extent if the receiving vessel was 
set up inimedutely tmder, or only very slightly in advance of the point at 
which the breaking-up of the water occurs A rain of fine drops descended 
from that point without any intermixture of laige drt^ The variation of 
size amongst the drops collected by the receiving vessel in thu position was 
not very serious. Measurements could therefore be made with a fair degree 
of accuracy The sue of the drops fallmg into the receiver could be ^aied by 
varymg the strength of the air-blast and by varying the hei^^tof the dropper. 
If the strength of the auvourrent is increased, or if the bmg^t frinn whidi the 
water falls is increased, the size of the drqis falling into the receiver is 
dummshed. But we are restnoted to a certain unall range, if the air- 
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current is increaBed beyond a certain point the spray will be earned forward 
to such an extent that the residue of fine drops falling into the receiver is 
insuiBcient for purposes of experiment Again it was found that if the height 
of the droppei was moreasod beyond a certain point the breaking-up of tlie 
drops occurred in such a way as to cause an admixture of large sized drops 
amongst the fine spray falling into the collecting vessel In spite of these 
limitations it was found {lossible to produce a considerable vaiiation in the 
si/e of the ratn-Uke spray which fell fiom the point at which the breaking-up 
of the water drops occurred. In some cases the receiving vessel was moved 
forward so as to capture the larger sized drops which had been earned forward 
some distance by the aii-blast A few successful observations were made in 
this way, but tlie risk of erroi due to the occurrence of large drops is much 
increased. 

The arrangement of appaiatus shown m the diagram (fig 1) was adopted 
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B 18 a Sirocco fan dnveii by a motov and giving a very strong hoiueBtal 
blast of air A is the water-dropping arrangement. It is of glass with 
a cork at C pierced by 18 short pieces of narrow-bore glass tubing Hie 
upper part is filled with distilled water, and the whole connected to earth 
A rapid succession of drops is thus obtained The radios of the drops was 
approximately 025 cm The receiving vessel D is of cylindrical form, 
30 cm in diameter, insulated on paraffin (F) and ccmnected to a Dolesalek 
electrometer It is surrounded by a larger vessel E connected to earth. 

It is easy to show that the drops coming away from the dropper aie 
uncharged (as far as concerns quantities dealt with in these experiments). 
When the fan is not acting and the drops consequently fall directly into the 
receiver, no appreciable charging occurs. Furthermore in this case we are 
collecting about five hundred tunes more water per second than when the 
fan 18 acting When splashing occurs the receiver charges up strongly, and 
the charge carried by the drops can be measured very accurately It is 
more difficult to estimate the quantity of water entering the receiver in 
any given time and to get a measurement ot the size of the drops The 
amount of water was determined by finding the increase m weight of a piece 
of blotting paper cut to fit the bottom of the receiving vessel There is an 
error introduced here owing to the evaporation from tlie blotting paper, 
but It was found that if the second weighing was completed rapidly, the 
error was not very senous. 

We have thus obtamed the total weight of water and the amount of charge 
which It earned The next step is to obtain the total number of drops 
which have fallen into the receiver Tins would enable us to find the size 
of each drop Two points must be considered at this stage, (1) the number 
of drops falling into the receiver per second may vary throughout the 
expenmeut, and (2) the number of drops filing per unit area into different 
parts of the receiver may be different Before adopting any counting 
method these points must be examined A ruled surface exposed to the drops 
for a certam small time at different stages of the experiment showed that 
if any error due to the first cause was present, it was masked the 
otdmary irregularities to which the experunent is subject The same 
remark applies to observations on the second point These irregularities, 
however, were not so great as to prevent the counting expenments being 
made with a fair degree of accuracy. Two obeervationB were alwi^ made, 
one at the beginning and one at the end of each experiment, of tiie numbw 
of drops falling per square centimetre per second into the centre of the 
receiver. Generally, these observations agreed fairly well In any caee in 
which there was a considerable disciepanoy the observation was rejected. 



Electrtjioation of Water hy Splashing and Spraytng. 685 

The method of procedure adopted m moat of the experiments was as 
follows* The weighed paper was placed in the vessel D and the fan was 
started. The dropper was filled with distilled water, and the oharging-up of 
the receiver was observed until the dropper was empty The time during 
which the water-dropper was aotiiig w*a8 noted by means of a stop-watch 
It was generally about 2j^ minutes The final reading of the electrometer 
^as noted and the paper in D removed and rapidly weighed. At the 
beginning and again at the end of the experiment a sheet of metal, 4 cm 
square, ruled in centimetre 8(iuare8 was introduced at H and exposed for 
10 seconds Owing to the relatively small area of this piece of metal and 
the shortness of the time for whicli it was exposed, its introduction did not 
appreciably affect the amount of water captured by the receiver It was 
also easy to verify tliat its introduction did not affect the rate of cliarging 
of the electrometer The number of diops which had fallen on each square 
was quickly counted and noted From the two observations a mean value 
was obtained from which it was possible to calculate the total number of 
drops which outored the receiver during the time of the expenment Hence 
the mean volume of the drops could be found 
The observations taken lu one experiment are quoted here so os to give an 
indication of the magnitudes involved — 

Duration of experiment . 2^ luinuteH 

Electiometer deflection . 143 divisions positive 

Capacity of electrometer and vessel 292 cm 
Sensibility of electrometer 846 divisions per volt 

Positive charge received =s E S U 

300 X 846 

= 0164 ESU. 

Weight of paper (1) 8 743 gmi 

„ ,, (2) 9 Olo „ 

Weight of water collected = 0 272 grm 

0 164 

Charge per cubic centimetre of water = ® ^ 

= 060ES.U 

Mean number of drops per square centimetre in 10 seconds . 3 

Area of receiving vessel 660 sq cm. 

0 272 

Volume of each drop as - — — — i — rsx cc 

^ 3x2^x6x600 

as 102 X 10“^ C.C 
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Hence the charge per cubic oentmietre corresponding to drops of volume 
102xl0“7cc 1S060ES.U 

When suitable conditions were arrived at as regards strength of the air- 
blast, etc, the drops were generally fairly uniform in sue, as could be 
vended by examining those captured on the ruled metal surface One or 
two large drops, however, accidentally entenug the receiving vessel would 
vitiate any measurement In many cases this source of error was easily 
detected on account of the unmistakable marks which the large drops lett 
on tlie blotting-paper But there is no doubt that it is impossible to be 
altogether immune from errors of this kind Great difiSculty was experi- 
enced in obtaining concordant readings of the size of the drops It was 
hoped that if a gieat number of expenments were perfonned, it would be 
possible to approach a correct result 

A great number of the experiments were rejected for various reasons The 
results which were retained and which are believed to bo reliable are set forth 
m the following Table Many of the numbers given belr>w represent the 
means of two or more observations, as drops of certam sizes (or veiy closely 
approximating to those sizes) tended to recur throughout the ex])euments * — 


Table 1 — Positive Charge per Cubic Centimotie on Distilled Water broken 
into Drops of different Sizea 


Charge per 
cubic ccntinietro 

IQ eiectrotttotic unita 

Volume of drope 

Badins of drops. 

0 54 

CO 

106 xJO-^ 

on 

13 7x10-* 

0 (JO 

102 

18 6 

0 es 

100 

18 4 

0 70 

84 7 

12 7 

0 so 

46 

10 8 

0 86 

50 5 

10 6 

0 02 

20 

7 8 

0 96 

82 

0*1 

1-01 

18 8 

7 6 

1 84 

8 6 

5*0 

1 30 

86 

5*0 


An examination of this Table shows that, in spite of certam irregulanties, 
there is a steady increase m the value of the charge per cufaio centimetre 
as the size of the drops gets smaller This is illustrated by plotting the 
values of the chaige per cubic centimetre against the reciprocal of the radius 
of the drops. In the graph (fig 2), the pconts obtained from the foregoing 
Table are shown by the small oitolea. (The pomts marked by crosses will be 
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dealt with later ) The points he roughly about a straight line passuig through 
the origin. This gives us the very simple relation E = E/r, where E is 
the charge per cubic centimetre, r the radius of the drops, and K a constant 



Fia 2 


This result is readily interpreted if we make a simple assumption as to the 
manner in which the water becomes charged Let us suppose that the charge 
on the water is proportional to the area of the now water surface created 
When a drop of radius B is broken into a great number (n) of small drops 
of radius r, the increase in surface is 

47rr®«— 4irR* 


Let O' be the cliarge on the water per unit area of new surface Then the 
total charge is 

4iro-(r»»-E») 

£ (charge per cubic centimetre) = 
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In the experiments deecnbed above; B is large compared with r, therefore 
we may write 



giving the relation between E and r which has been found experimentally 
From the numbers already given we can calculate the value of the 
constant a- The following Table gives the value of v calculated for each 
observation . — 

Table II 


B in eleofcroitetic nmta 

0 in elootroBtatic units 

0 54 

2 esnio-* 

0 do 

2 70 

0 68 

3 04 

0 70 

8 84 

0 so 

2 74 

0 86 

a 04 

0*92 

2 89 

0*96 

2 88 

1 01 

2 52 

1 84 

2 68 

1 86 

2 67 

Meftn Tftlue of o 

2 76x10-9 


It will be noticed that there is a considerable vanation in the values of 9 , 
the highest being 3 34 x 10'’” E S U., and the lowest 2 39 x 10"” £ S.U But 
the agreement is quite as good as could be expected considering the difficulties 
of the experiment. It is possible that by some constantly occurring experi- 
mental error, the mean value of the constant o, as detemuned by these 
oxpenments, is erroneous But there can hardly be any doubt as to the 
general law expressing the eleotnoal separation that occurs when water is 
splashed This may be stated 

Q ss vdA., 

Q being the charge, positive on the water, and cfA the mcrease in area of the 
water-surface 


Second Mtikod Sprapng DichUed Water 

In order to test the generality of the result obtained above, another set of 
experiments was undertaken, using a difforent method of breaking up the 
water Different forms of spraying apparatus were tested, and after some 
tnals an ordinary scent spray was adopted. When dnv^ by air under 
pressure, this spray gave a copious supply of water in fine drops. Ihesiae of 
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the drops could be varied by varying the air pressure. Owing to the large 
quantities of water given by the sprayer the determination of the charge per 
unit volume was extremely easy« So great were the electrical quantities 
involved that in some cases it was necessary to increase the capacity of the 
electrometer system by 0 2 microfarad. Spurious effects, however, of two 
kinds have to be guarded against. In the first place, the sprayer has to be 
well screened against any electrostatic field, otherwise the “ water-dropper " 
effect will occur at the nozzle and the sprayed water will carry away a chatge 
depending in sign and magnitude on the direction and strength of the field 
In the second place it is possible that the water may become charged by 
friction against the nozzle Any effect at the nozzle other than the true air- 
water effect which we are investigating would give the water a cliarge of one 
sign and leave the nozzle with an equal charge of the opposite sign Conse- 
quently if the rate of charging of the nozzle be observed, the charge on the 
water due to effects of this kind may be allowed for. 

The arrangement of the apparatus is shown in Fig 3 The sprayer taken 
from an ordinary scent-spray is fitted to a vessel containing distilled water 
The nozzle, which is of brass, is set so that the spray is directed downwards 
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The size of the sprayer is much exaggerated in the drawing, the onfice being 
in reality a mere pin-hole The sprayer is conneoted hj rubber tubing with 
the air-supply contained in a reservoir The pressure in the reservoir is read 
off by means of a mercury manometer and it can be mamtamed at any 
desired value by means of a hand-pump A length of ebonite tubing is 
mtroduced at X. As the sprayer is insulated from its support, it is thus 
possible to insulate the spraying system All the sprayed drops are caught 
m the receiver, which is set up in the same fashion as in the previous 
experiments. An arrangement is introduced by which the receiver and the 
sprayer can be connected either to earth or to the electrometer The 
apparatus is enclosed in a cage of wire netting connected to earth This 
excludes the possibility of disturbing electrostatic influences 
The method of working is as follows* — ^The pressure is brou^t to the 
reqmred value and is kept constant throughout the experiment, usually a few 
strokes of the hand-pump are sufficient The sprayer is conneoted to earth 
and the charge gamed by the receiver per minute observed. Then the 
receiver is earthed and the charging of the sprayer observed. Tlie algebraic 
sum of the charges gives that part of the charge on the water due to the true 
au-water effect The water sprayed per mmute is easily measured and the 
charge per unit volume is at once obtained 
The results given below are, in all oases, the means of several experiments 


Table III — Charge per Cubic Centuuetre on Water sprayed at different 

Pressures 


PreMure 

' 

Charge per 
muinte 
on reoeiTer 

OButrge per 
mmute 
on sprayer 

Comoted 

eharge 

per minute on 
water 

Volume of 
water sprayed 
per mmute 

Obarm per 
cubic 

centimetre 

(B) 

ozn 

KSU 

jesu 

Bstr. 

00 

BSU 

7-6 

4*12 4 

44 6 

+ir'o 

28 

0 74 

11 a 


-0 a 

*28 4 

32 

0 88 

19 6 

+ 02*7 

-8*9 

+88 S 

40 

1*84 


It will be observed that the charge contnbuted to the water by the sprayer 
changes sign as the pressure is moreased No detailed mvestigation of diis 
point was made. 

Another set of experiments was now necessary in order to estimate the 
size of the drops corresponding to different values of B. The method 
employed in the pteviouB experiments was ad<^ted, but modifications woe 
necessary owing to the very great number of drops that had to be dealt 
with. The sprayer was set up m a oioaed space sc that the vgmf was 
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sot disturbed by draughts The spray fell upon a shutter which could be 
opened and closed very quickly, exposing a small sheet of silver ruled m 
square millimetres Tlie shutter was connected electrically with a ohrono- 
giaph leading to 1/1000 sec , so that the tune for which the shutter was 
open was known very accurately It was generally of the order of 
1 second After an exposure, the sheet of silver was withdrawn and 
quickly covered with a watch>glass to prevent evaporation The number 
of drops {ter square millimetre was counted, a low-power microscope being 
sometimes used for this purpose These measurements gave the number 
of drops falling pei square centimetre per second It was only necessary 
to set up in the same position a small vessel and weigh the water which 
It captured in a known time, m older to have sufhcient data to calculate 
the average volume per drop 

Considerable didiculties were experienced in making these measurements 
At first, the number of drops counted per second varied in an irregular 
manner Afterwards, when various devices were adopted to secure 
steadiness, this variation was reduced somewhat, hut it was difficult to 
entirely eliminate it A great number of expenments were made and the 
mean of the results taken It is believed that the result is fairly correct , 
certainly expenments made at difterent times agree amongst themselves 

Besults calculated fiom the best observations are given below 


Table IV — Volume and Cltarge of Sprayed Drops 


Pressure 

Volume of drops 

Radius of drops 

K 

(T 

cm Hg 

0 c 

cm 

K8U 

FS1T 

7 0 

40 2 K 10-7 

10 

0 74 


11*6 

82 6 

0 2 

0 88 

2 70 

19 0 

9 5 

6 1 

I 84 

2 72 


In the last column are given the values of a- calculated as before from the 
formula a ax £r/3 This formula will hold as in the first expenments, 
because here again the original water-surface may be neglected in comparison 
with the final area, so that we have 



as before. 

The agreement with the values of w obtained by the flashing method is 
very striking The agreement is shown on fig. 2, where the values of E etfd 
1/r 1^ the spraying method are marked by crosses So good an agreement 
bkween the results of the two methods was, mdeed, soatoely to be expected. 
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In addition to the soarcea of error in b^th experunents whioh have already been* 
referred to, there la a very great difference in the two methods as regards the 
air which caines the corresponding negative charge In the first method 
the negative chai'ge la carried away m the current of air from the fan, and 
the drops of water on which the charge is measured fall directly out of the 
air<current. In the second method the positively chaiged water and the 
negatively charged air are blown in the same direction by the sprayer. 
However, the identity of the constant <r deteimined by these two methods of 
experiment can hardly be doubted 

Since the value of a is comparatively high, it should be possible to measure 
the charge due to small changes in a water-surface. A number of expen- 
ments were attempted with this object Water was allowed to ascend into 
a funnel-shaped vessel so that the area of the water-surface was rapidly 
increasing. Ho chai^ could be detected on the water A strong cuirent of 
air was blown over the water-surface while it was changing m area, so as 
to carry off the negative ions if any weie produced. No difference could be 
detected. If a jet of air is set so as to play on a water-suiface r^plea are 
produced, but no charging can be detected until the strength and direction 
of the air-blast are such that the water-surface is broken and drops ore 
earned off in the blast. The water-surface then takes on a strong positive 
charge These expenments indicate that some sort ot violent and disruptive 
aotiou 18 necessary in order to produce the charge on a water-surface It 
would seem as if it were necessary to produce a viigin liqiud surface, and 
that merely to expand an old surface is ineffective. An account of some 
experiments somewhat similar to those just desenbed was afterwards found 
in the memoir of J J. Bey already referred to Here, again, it is found that 
none of the ordinary methods of changing a water-surface will produce an 
electnoal separation 

EjeptriiMnia on Different Lupitdt. 

All the experiments described up to this point were made with distilled 
water This was the ordinary distilled water of the laboratory, in the pre- 
paration and storage of which no specially high degree of purity is aimed at 
Ordinary tap-water and some solutions were also examined by the methods 
■of splashmg and spraying. No systematio investigation of either was 
attempted. The results obtained iiarmonise with those of Lenard, Sir J. J. 
Thomson, and other workers The Dublin tap-water gives an e&ct 1/8 of 
1/10 that of distilled water Strong solutions give no charge, weak sdutions 
giving positive or negative values, dependmg on the solute and the con- 
centration. 
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JEhcpenmeiUi on the EUetnJkatwn of the Air from the Sprayer. 

The au drawn from the sprayer was examined in order to find how the 
negative charge was carried It is hoped to give a detailed account of these 
experiments later, when the results are more complete A rimmi may be 
given here, however The air was found to contain large numbers of ions of 
both signs, with, of course, an excess of native There appears to be present 
a number of different classes of ions, each class liavmg a defimte mobility 
The values of the mobility vaiy from that of the ordinary atmospheric ion to 
that of the large ion discovered by Langevin,* and investigated by Pollookf 
and McClelland and Kennedy ^ Thus the largest ion present has a value for 
the mobility in a field of 1 volt per centimetre of 0 00035 cm per second 
approximately This is true for both positive and negative The ion coming 
next m order of size has a mobility about three tunes this value. There 
appears to be no intermediate class Agam, at the other end of the scale we 
find ions of both signs with a mobility of about 15 cm per second, 
apparently identical with the ordmary atmospheric ions There are also 
present negative ions of mobility 8 cm per second, but no mdications of 
positive ions of that mobility Between the small and the large ions there 
are groups of ions of various mobilities which have not been fully mvesti- 
gated It IB probable that the excess of negative charge on the air is present 
mainly as small ions, as it is in the number of small ions that the native 
charge predominates most markedly 

Conduavon 

The simple connection demonstrated in this paper between the eleotnfioa- 
tion due to spraying and splashing and the change m area of the liquid 
surface concerned should help to throw some light on the ongm of the 
electrification m these cases A further mvestigation of similar eflfocts, and 
especially a detailed investigation of the nature of the electnfication of the 
sir in the different cases, must be completed before an attempt is made to 
put forward a theory of the effect 

In conclusion, the writer wishes to express his mdebtednees to 
Prof. McClelland, who suggested this research, for his continued help 
and interest during its progress. 

* Langeviii, 'Oomptes Bend.,’ vol. 140, p. i32 (1905) 

t PoUook, ‘Le Bniium,’ voL 6, p 1S9 (1909) 

I MeCMlend and Kennedy, ‘ Boy Iriah Acad Proo.,' vol 80, eee. A, p. 7S (1018X and 
Kennedy, ‘Boy. Irish Acad* Proc vol, 3S, See A, p. 1 (1918) 


2 Q 


TOI,. XC.— A 



544 


The Osmotic Data %n Relation to Progressive Hydration. 

By W K. Bousfiru), M A . K C 

(Commamcated by Sir W Bamsay, K C.B , F B S Beceived Jane 19, — 
Bead Jane 25, 1914 ) 

When a concentrated aqueous solution of an electrolyte is gradually diluted 
there is reason to believe that the amount of water m combination with the 
solute increases pan paaau with the lomsation This progressive hydration 
must be brought into the account in expressing the conductivity and the 
osmotic data (in which term we include freezing point and vapour pressure 
data) in terms of concentration In a recent paper* it was shown that the 
latest determmations of the osmotic pressures of sucrose solutions by Morse 
and his co-workers could be simply and accurately expressed in terms of the 
progressive hydration of the solute For the correlation of vapour pressure 
lowering with osmotic pressure, there was used the approximate relation 
obtained by the consideration of the eciuihbnum of a vertical column of liquid 
in contact with the pure solvent through a semi-permeable partition at the 
bottom and with the vapour of the solvent at the top, which contains as a 
factor p, the mean density of the solution In the application of the 
expressions to concentrated solutions of electrolytes it soon became obvious 
that the presence of p, so far from helping the approximation, only threw it 
out, and the onussion of p, or rather giving it a constant value unity, gave tor 
more concordant results In fact the errors mtroduoed by the molusion of p 
ore much greater than the large experimental errors which occur m the 
measurement of the vapour of even concentrated solutions, whilst the 
errors when p is put equal to unity are considerably less than the expen- 
mental errors. The accurate measurement of the osmotic pressures of 
electrolytes has not yet been achieved, but the theoretical relation between 
osmotic pressure and vapour pressure forms the connecting link whioh 
enables us to express the vapour pressure data for electrolytes in terms of 
progressive hydration in the simple form 

without any density factor It is, therefore, important to place the above 
result on a sound theoretioal basis, since it appears to be of wide appheation 
in the study of electrolytes. The disappearance of the density factor is really 
a direct consequence of the relattons developed by OaIlendsr,f but his develop* 
ment is obscured by the toot that he uses the term " osmotio pressure " in a 

* *Traai. Cbam. Soo.,* vol 105, p. ADO (1914X 
t ' Boy. Soo. Froo.,' voL 80, p. 406 (1806) 
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sense which permits its magnitude to vaiy from pmnt to point of a solution 
of uniform concentration and temperature He speaks, for instance, of " the 
assumption made by Lord Berkeley and Mr Hartley that osmotic pressure 
vanes with concentration only, which appears from their ezpenments to be 
approximately true for some solutions” It was pointed out in a recent 
communication* that this “ assumption ” is strictly true for all solutions, if we 
define osmotic pressure, in accordance with the requirements of the vapour 
pressure theory, as the hqiud pressure under which the internal vapour 
pressure of the solution becomes equal to the vapour pressure of the pure 
solvent at the same temperature and under pressure of its own vapour only 
From this definition the required relation can be deduced by considering the 
equilibiium of a small mass of solution of umform concentration and pressure, 
instead of a column of solution of varymg concentration and pressure. It 
may be noted that, at the suggestiun of Sir W Bamaay, we avoid the use 
of the term “ hydrostatic pressure,” and, m fact, the use of the term is 
out of place when deriving the relation from the consideration of a small 
mass of liquid which is mechanically compressed until its internal vapour 
pressure reaches a certain amount We have to deal only with the liquid 
pressure at a point, which is a faiAiliar conception The idea of the internal 
vapour pressure at a pomt within a liqmd is not so tamiliar, but it presents 
itself, for instance, in the conception of the equahty of vapour pressures of 
ice and water in contact in a state of equilibnum We may define the 
internal vapour pressure of a solution at a point as the pressure winch would 
exist within a small sphere permeable only to the vapour of the solvent 
placed at the point. This conception bnngs us into hne with the “ vapour 
sieve piston ” method by means of which Callendar established the relation 

U dP m vdp, 

where U is the rate of diminution of volume of the solution at a pressure P 
per unit of mass of solvent abstracted," and v is the specific volume of the 
vapour at pressure p 
In Callendar’s notation the value of U is 

Uai-0<fQ/dC, 

where C is the concentration in grammes of solute per gramme of solution 
Examination of the densities of a number of aqueous solutions shows that we 
nuqr with an inaccuracy of only about two or three parts pac thousand take 
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* * Roy Soc. Proa,’ A, voL CO, p. 41 (1014). 
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where pyf is the density of the solvent (water) and B is a constant. Tbis 
gives us d as — .B, and therefore 

U 

That IS to say within this limit of accuracy U is simply the specific volume 
of water The accuracy attamed by taking this value of U is considerably 
beyond that of the experimental vapour pressure determinations which ore 
available * 

For the utilisation of Callendar's equation we reqmre to consider the effect 
of liquid pressure upon U In the case of dilute solutions near the freezing 
point, the sensitiveness to pressure of the ice moleoules present in large 
quantities disturbs the regulanty of the osmotic pressures, as has been 
recently pointed out f But in concentrated solutions this difficulty disappears 
owing to the destruction of ice molecules, and, sinoe U is so closely related to 
the specihc volume of water, we cannot be far wrong in taking for the small 
variation of U with liquid pressure an expression analogous to that which 
represents approximately the vanation of the specific volume of water with 
pressure 

Let po s vapour pressure of the solution under pressure of its own vapour 
only, 

pyf s: vapoul pressure of water under pressure of its own vapour only, 
Sp B pyt—po, the vapour pressure lowering of the solution 
F a liquid pressure of the solution, 

Uo = value of U when P = po. 

Then we may say U = ^o[l—^(P— Po)]i 
or, since the magnitude of /9 is of the order 0 00005, we may for the purpose 
of integration conveniently take 

U=Uo[l+/9(P-po)r. 

We may also, within the desired limits of accuracy, take for the relation 
between the pressure and specific volume of saturated water vapour 

V a E'T/p. 

Substitutmg these values for U and e in the equation 

U dP a vdp, 

* For mstanee, m the extreme ease of 40-per-oent. hthram oUonde eolution, the value 
of U u 0*996, which only differs from the value of U for an “infinitely dilate’' solution 
by 1 part in SOO Theerror in the vapour jK-eesure lowering detemuned experimentally 
IS not less than 1 in 100 

f ’Boy Soe. Proc A, vol. 90, p. 40 (1914). . 
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and integrating at constant temperature, we get 

log[l+)3(P-i,o)] = K'Tlog(p/;io) 

The integration constant is obtained from the consideration that the liquid 
pressure in the solution when under pressure of its own vapour only is po, 
that is to say, when p^po must have also P=2io above equation 
expresses the relation between liquid pressure P and mternal vapour pressure 
p As the liquid is compressed by varjnng pressures P the mternal vapour 
pressure p is changed in accordance with tlie above ex 2 )ression But it is 
essential to clearness of ideas not to regard any value of P as “osmotic 
pressure " except the particular value which P must have in order to make 
psspy^ Thus we get for the osmotic pressure in accordance with our definition 

log[l+^(P- 2 >o)] =^logO»w/M 

Uo 

where P now stands for the osmotic piessare of the solution at absolute 
temperature T 

Putting ip^Pv—Pot expanding the logarithms, neglecting small quantities 
of the second order and neglecting also po m companson with P on the left* 
hand Bide we obtain the equation 

P 8£ 

K^^Uo’/iw’ 

which has already been obtained by Callendar, Porter and others The point 
of the deduction set out above is that tbe expressioii is deduced from the 
strict definition of osmotic pressure, which does not permit us to regard 
osmotic pressure as varjmg with “ hydrostatic pressure." 

Since within the Umits of experimental error of vapour pressure detes- 
minations we oan put l7o»l> the expressions fonum-ly given for the osmotic 
data in terms of progressive hydration* can now be put in the simpler and 
yet more accurate form, 

P A 8;>_ t 

E'T F' j» "“A-n 

Here P is the osmotic pressure expressed in atmospheres, A is tbe freezing 
point depzession of the solution, Sp/p is the ratio of the vapour pressure 
lowering to the vapour pressure of water at the same temperature, h is the 
total number of moleoules of water to one molecule of solute, n is the number 
of moleoules of water in combmation with one molecule of the solute, and t is 
the ionisation factor, the best values of the constants being B'aB4657 and 
F'«108'6. 

* ' Tnas. Chsm. 800 .,' vol 105, p 000 (1814). 
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• 

As an illustration of the practical Value of tiie relations thus fonnulated 
we may refer to a paper written concurrently with the present oonunnmoation,* 
in which it 18 shown by their use that the dilation law a)s: 

K(A — 18 valid for the chlorides of'lithium, sodium and potassium both in 
dilute and m concentrated solutions and that it is in conformity with the 
requirements of the law of mass action. There is reason to behere that the 
simple relation 8p/pssi/(A— n) which it is the purpose of the present com- 
munication to establish is even more accurate than the approximationB by 
which it 18 reached would lead us to expect, and that the small inaccuracies 
introduced by the approximations practically cancel one another, except m 
the region of dilute solutions near the freezing pmnt, in which the idiosyn- 
crasies of water are so maiked But here the relation is never in practice 
required, smce the values of ip are so small as to be mcapable of direct 
measurement 


On Hie Origin of the Electron Emtsston from Glowing Solids 
By Fsakk Horton, So D 

(Conununieated by Prof Sir J J Thomson, O M., FJt S. Beoeived May 14, — 

Bead June 20, 1914 ) 

(Abstract) 

The electron emission from Nemst filaments has been measured under 
different conditions and the following results have bemi obtained — 

1. The electron emission from a filament heated by an alternating current 
18 of the same magmtude as that obtained when the filament is heated 
by a continuous current to the same temperatiue. 

2. The electron emission from a Hexnst filament at a given temperature is 
the same when heated by conducting an eleotno current as when heated by a 
glowing metal wire passing through it. 

3 The electron emission from a Nemst filament heated in the usual 
manner is the same as that given by the material of the filament when 
powdered and heated upon platinum. 

These results show that the action of an oxide cathode does not depend 


* *TraiM. Ohem. Soc.,* voL 10ft, p. 1909 (1914). 
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upon electrolysis accompanying the conduction of a current through the 
oxide. 

Various suggestions as to the origin of the electron emission from glowing 
solids are discussed in the paper, and it is concluded that the experimental 
evidence points to the correctness of the ongmal theory that an electron 
emission can arise as a result of thermal agitation alone, but that this 
emission may be aided or hindered in several ways. 


Attempts to Produce the Rare Gases hy Electric Discharge. 

By THOMA.B B. Merton, B Sc (Oxon ) 

(Communicated by Prof. J N Collie, F B S Beceived June 10, — ^Bead 

June 25, 1914 ) 

The object of the present investigation was to obtain some further evidence 
on the apparent production of 'neon and helium by electnc dischaiges in 
vacuum tubes, which has been descnbed by Collie and Patterson * 

Struttf has recently attempted to repeat these experiments, using methods 
somewhat dififbrent to those of Collie and Patterson, with negative results 
It 18 evident that in experiments of thiskmd the most ngorous precautions 
must be taken to exclude air from the apparatus, for although the rare gases 
are only present in the atmosphere in relatively small quantities, an exceed* 
mgly small quantity of air is required to give evidence of their presence. 
Strutt (foe c/d ) has been able to detect with bis apparatus the neon m 0 01 o.c. 
of air and has expressed the opinion that under favourable conditions the neon 
might be detected m 0*001 o.o. 

The method of the present investigation differs essentially from that used 
eithw by Collie and Patterson or by Strutt 
The apparatus, shown in the figure, consists of a bulb A oonnected to a glass 
tube L, which passes very nearly to the bottom of the bulb B. From the tube 
L are two branch tubes C and D, of which C leads to the sparking tube S and 
palladittm tube P, and D leads to tlie stopcock H and thence to the mercury 
pump. The tube D is connected by a bye^pass E, with a itopooek, to the 
bulb B, which is provided with another branch tube with a stopooek F. At 
the top of the bulb A is a fine capillary tube K, into which is sealed a fine 

* 'TnuM. Ch«m. Soo ,' voL 103, p. 419 (1919). 
t ‘ Pros. Boy, Soo.,* A, voL 89, p 499 (1914). 
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platinum wire. There u aleo a platiflum wire sealed into the tube h. P is a 
short length of palladium tube soldered with gold to a platinum tube, which 



IB in turn sealed into the glass tube C. The sparking tube S was provided 
with stout electrodes fastened to platinum wires and sealed into the tube in 
the usual wa^. 

The experiments were oonduoted as follows: The bulb B was nearly filled 
with mercury. Taps G and H were opened and F was dosed, and the 
apparatus was exhansted by the mercury pump until no disdiarge could be 
passed through the sparking tube S. During this process, a heavy dischaige 
from a ten>inoh induction cdl was passed through the tube, which was also 
heated at intervals with a bunsen burner. 

Hydrogen was admitted by heating the palladium tube P in a bunsen fiame, 
and the hydrogen so admitted was pumped off This process of admitUng 
and pumping off hydrogen was frequentiy repeated in order to wash any 
traces of other gases completely from the apparatus. Stopoooks G and H 
were then closed and air was cautiously admitted into the bulb B until the 
merouTy stood at the level shown by the dotted line in the figure. A and S 
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\rate thus completely protected from any possible leakage from the etopcodks 
by the mercury seal 

A moderately heavy discharge from the induction coil was then passed 
through the sparking tube, hydrogen being admitted through the palladium 
tube at intervals when the vacuum became too high 

After the conclusion of the sparkmg the hydrogen remainmg in the 
apparatus was almost completely removed by heating the palladium tube by 
means of a small spiral of platinum wire maintained at a red heat by an 
electric current This operation presumably reduced the pressure of hydrogen 
in the apparatus to the partial pressure of hydrogen in the atmosphere. 
During this process the sparking tube, which was usually coated with a dense 
metallic mirror from the electrodes, was frequently heated The gas remaining 
in the bulb A was then driven into the capillary by slowly admitting air mto 
the bulb B through the stopcock F, and examined spectroscopically by passing 
a weak discharge from the induction coil through the platinum wire m the 
capillary, connection to the mqicury being made through the wire at L 

Before the commencement of the sparking, the absence of atmospheric 
contamination could be shown by dnving the gas m the bulb A mto the 
capillary and examining it spectitescopically In the first four experiments 
moderately heavy discharges were passed through the sparking tubes, which 
were provided with aluminium electrodes, for periods of from six to fourteen 
hours. 

The residual gases in these expenmeuts showed, after the sparking, only 
lines due to mercury with a trace of hydrogen and sometimes a trace of carbon 
The latter was rapidly absorbed by the mercury when the discharge was 
passed An ex^iennient in which the electrodes were of platmum and 
another in which the sparking tube contamed a globule of mercury, also gave 
negative results. 

In the next two experiments aluminium electrodes were used and the 
discharge from the coil was rectified' by inserting a spark gap in the circuit, 
consisting of a fine pomt and a flat metal plate, the latter being connected to 
the negative pole of the coil, the experiments being in other respects conducted 
in exactly the same manner. In these two experiments the leeidual gases 
Showed the spectrum of argon. No trace of mtrogen was found. 

Three more experiments were conducted without the rectifier and m no case 
was any argon found. In the next expmiment a valve tube rectifier was 
substituted for the spark gap which had been previously used, and a trace of 
argon was again found. 

The oiqienmenta thus far seemed to mdioate that, whatever might be the 
eenroe of the argon, a rectified disifiiatge was essential to its appearance, bat 
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uamerouB subsequent expenments have shown that there is no systematic 
connection between the character of the disdiarge and the appearance of the 
argon in the residual gases. 

Two experiments were earned out to discover whether the argon could be 
traced to the gases liberated from the electrodes. In one experiment the 
electrodes were only sparked for a short time dunng the process of pumping 
and washing out the tube, and at the conclusion of the expenment a trace of 
argon was found In the second expenment no discharge was passed until 
the pumping and washing out was concluded A large quantity of gas was 
liberated from the electrodes on sparking and was rapidly absorbed by the 
aluminium mirror, but no argon was found. 

In both of these experiments the discharge was rectified with the valve 
tube, and it is concluded that the argon cannot be traced to the gases hbeiated 
from the electrodes. An expenment was conducted in which the washing 
out of the apparatus with hydrogen was omitted. A trace of an therefore 
remamed in the apparatus. At the conclusion of the experiment no nitrogen, 
oxygen or argon were found. 

Both the diatomic gases and the aigon had evidently been absorbed by the 
electrodes or the aluminium miiror and the amount of argon dnven off on 
heating the tube was too small to detect. A similar expenment m which the 
sparking was only continued for about twenty minutes, so that no appreciable 
aluminium mirror had formed, gave a distinct argon specinim, with no nitrogen. 

It follows from these two expenments that the presence ol argon m the 
residual gases cannot be explained by the presenoe of a mmnte quantity of 
air remainmg in the apparatus if the sparking is continned for a considerable 
time The presenoe of the argon, however, can be accounted for hy an 
exoeedmgly small, but continuous leak, smoe the diatomic gases appear to be 
far more rapidly absorbed by the alnmuiium mirror than the aigon. 

With the apparatus used a minute contmuous leak can occur under certain 
mrcumstances. It was found that a small amount of dirt had collected on 
the tube L which constitutes the barometno seal. A new apparatus was, 
therefore, taken and carefully cleaned with fuming nitric amd, and the 
meromy, which had been punfled by passage in a fine streun through dilute 
nitnc acid, was poured into the apparatus without ommng into contact with 
any tap grease. 

Since these ^neoautions were adopted, no trace of aigtm has been found 
after an electric discharge had been passed in the manner deaonbed above; 
many experiments have been made with eleotrodea of alumininm, copper, 
nickel, silver, platinum and imlladium, and all have givm native iwolts; 
In some expenments an air trap was inserted in the tabe L as an additional 
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prectiutioa, but it seems as if this is unnecessary if the tnercury and glass are 
scrupulously clean In order to test whether the appearance of argon oonld 
occur through a slow leak of air into the apparatus through stopcocks, three 
exjieriments have been earned out m which the mercury was not driven up 
to the level of the dotted line in the figure, the vacuum being maintained I 7 
the stopcocks. These stopcocks gave every appearance of being rebahle, but 
in two cases out of the three a trace of argon was found. 

The spectroscopic test of argon appears to be more delicate than that of 
neon, and it follows therefore, from Strutt’s (loe at ) estimate for neon, and 
from the fact that there is about a thousand tunes as much argon as neon in 
the atmosphere, that a millionth of a cubic centimetre of air mi^t be sufficient 
fur the detection of argon 

From the above expenments it is considered doubtful whether stopcocks 
can be relied on in dealing with quanfoties of gas of that order of magnitude. 

These experiments seem to suggest that the appearance of argon should be 
treated as an exceedingly delicate test for a leak in the apparatus, and the 
entire results of the investigation have therefore been negative, since m the 
numerous experiments under different conditions m which no aigon has been 
found, no trace of neon or helium has been observed It must be pointed ont 
that both Collie and Patterson (loe. ett ) and Strutt (loe at ) removed the 
diatomic impurities in the residual gases by means of charcoal cooled with liquid 
air, a process which would also have removed any argon present. In the 
present investigation, it is highly probable that in those expenments in which 
argon was found in sufficient quantity, the neon and helium would have been 
detected if the argon had been removed in this way. 

It must, however, be remembered that the leak of air which can be revealed 
by argon is exceedingly small, and about one thousandth of the quanti^ which 
could be detected if the test used were that of the recogmtion of neon, and 
that therefore the presence of recognisable quantities of neon, and more 
particularly of helium, would mdicate a leak greater than it appears posuble 
to attribute to the inefficiency of stopoocks. 

I wish to express my indebtedness to Prof Collie and to Mr. Masson for 
their great kindness in giving me the benefit of their experience and for much 
invaluable advice. It is a disappointment to me to find that I have been 
unalde to reproduce the conditions necessary for the production of neon or 
helium, and have obtained only negative results. 

I also wish to thank Prof. H. Jackson for the valuable advice whidi he 
has given me. 
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Note on the Paper by T R. Merton on “ Attempts to Prodwx the 
Rare Gates by EUctrw Discharge ” 

ByJ Nosmak C!olui,FBS 

(Beceired June 26, 1914 ) 

The apparatus used by Mr Merton m the above-mentioned paper was 
very kindly handed over to the author The following expenments were 
made with it * — Five grammes of metalko uranium were finely powdered m a 
steel' mortar and then heated to redness in a water-pomp vacuum for half 
an hour The metal was then transferred to a small bulb in which the 
metal could be bombarded with the cathode dischaige, and this tube sealed 
on to the Merton apparatus. A small bulb oontaming charcoal, a hard 
glass tube containing copper and copper oxide, and a small bulb with 
phosphorus pentoxide were also sealed on to the apparatus The whole was 
then pumped out and washed out several times with oxygen till the spark 
would not pass in the tube containing the uramum The tube was then 
heated as strongly as possible and the gases pumped off and examined, 
carbon gases and hydrogen were present, but only just enough helium and 
neon to detect them in the ordinary way using a capillary tube The 
tube was again washed out with oxygen and pumped till the spark would 
not pass through the tube containing the uranium The palladium tube 
was then heated for about 20-80 seconds so as to admit hydrogen and 
allow the spark to pass The bombardment of the uranium lasted about 
two hours. During all this time carbon gases and hydrogen were evolved 
from the metal These were absorbed by keeping the charcoal bulb cooled 
in liquid air and heatmg the copper oxide At the end of 1 

enough helium and neon at about 2 mm, pressure remained to fill the 
capillary examining tube and also a small space below 

Es^pervmnt 2. — Bombardment for one and a-half houia. Bather less 
helium and neon (The hehum lines— red, yellow, and green— not so strong 
as in Experiment 1 ) 

Bxperment 3 —Bombardment for one and a-holf hours , same result as 
in Experiment 2 , the capillary tube filled with neon and hehum. 

JEa^srimtat 4. — Bombardment one and a>haif hours. After the ei^eri- 
ment the charcoal bulb was heated and the copper oxide tube also heated, 
and only the phosphorus pentoxide tube cooled Other gases than oarbon 
dioxide and water vapour would therefore not be condensed. The naoen* 
densed gases in the capillary tufie gave the nitrogen speotrum; after ^ 
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nitrogen had been got nd of by sparking above the metonry, the whole 
capillary, as before, was left fuU of neon and heham, and just enough argon 
to show the blue spectrum In this experiment and all the following ones, 
before beginning the bombardment of the uranium, mercniy was run up to 
the top of the capillary, showing tliat no gases remained in the apparatus 
from the former expenment 

Esepervm^tU B — Bombardment one and a-half hours Besult the same as 
in Experiment 4, but by continual , sparking to get nd of the nitrogen 
(nitrogen combines with the mercury undei these conditions) the capillary 
tube pitted round the platinum electrode and finally cracked. 

Ecpenmmt 6 — A new bulb and new capillary tube were sealed on to the 
apparatus, which was carefully heated and washed out with pure oxygen till 
on runnmg up the mercury into the capillaiy all gas disappeared on 
sparking After the bombardment of one and a-half hours was over, 
before taking the charcoal out ot the hquid air the mercury was run up 
to the capillary and the usual amount (namely, the whole of the capillaiy) 
of neon and helium was found. The charcoal was then taken out of the 
liquid air and heated and the copper oxide tube heated, and the phosphorus 
pentoxide tube cooled in liquid air The lemaming gases, as before, now 
consisted of neon, helium and nitrogen, with just enough argon to show 
(after the nitrogen had been removed by sparking), but the volume was the 
same as when only neon and hehum were m the capillary tube. 

JEsopenmewt 7 -—Bombardment one and a-half hours. The result was 
exactly similar to the preceding expenment 

Es^perwient 8 — A re^ietition of No 7, with the same result. 

ExpenmnU 9. — In all the former experiments a coil giving a 10-inoh spark 
with a platinum break was used A bigger coil with a mercury break was 
now employed The bombardment was for one and a-half hours Neither 
neon nor helium could be detected in the residual gasea 

Ea^imment 10 — The old coil with the platmum break was again used , 
before, howevei, the residual nitrogen could be got nd of by qiarkmg through 
the capillary tube, pitting occurred and the tube broke. 

Etgtenmeni 11 — A new capillaiy tube was sealed on, and after an hour’s 
sparking with the old coil neon, helium, nitrogen, and a trace of argon were 
found os before. 

In all the above experiments the charcoal was strongly heated between 
each experiment and the apparatus washed out with oxygen made by heating 
permanganate of potash in a tube sealed on to apparatua The pomp 
employ^ always held a green phosphorescent vacuum from day to day. 

Bering all these experiments the gases m the tube were entirely out off 
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from the Btopoooks during the whoj^e of the experiment Moreover, if the 
neon and helium found were due to an air leak, it is difficult to acoount 
for the disappearance of the argon, which should have been present to the 
extent of one thousand times as muoli as the neon and helium found. The 
amount of argon present, however, was too httle to be measured, as it made 
no difference m the volume of the neon and helium {qt Experiments 6, 7, 
and 8) The presence of the nitrogen is probably due to a nitnde of 
uranium The author, however, has only been experimenting with the 
apparatus for less than a month, and m work of this sort experiments must 
be repeated more than once before reliance can be placed on them, but 
that comparatively large amounts of neon and hehum should come off from 
uramum by bombardment with the cathode rays, and not by heating, is a 
matter of interest , also that in one experiment a change of coil diould affect 
the result is an observation that must if possible be repeated. 

That the presence of neon and helium in vacuum tubes, after the eleotnc 
discharge has been passed, is due to an air leak seems most improbable 
Where the gases come from has yet to be proved They have been found by 
Sir J. J. Thomson, by Sir W. liamsay, by Idr G. Winchester,* and by the 
author, Mr. Patterson, and Mr Masson Mr. Winchester is of the opinion 
that they are in some way occluded in the metal of the electrodes, and are 
not disintegration products of other elements Whatever the source may be. 
It IS only by further experiments that the question will be solved The 
author hopes shortly to publish a more detailed report on the work done on 
this subject in conjunction with Mr. Patterson and Mr Masson. He also 
wishes to thank Mr. Merton for the most useful apparatus with which the 
experiments were made. 

* George Winoheeter (Phyeieal Laboratory of Washington and Jeffiareon CollegeX 
‘ Phyaioal Beview,* N S , voL 3, Xa 4, p 387, Apiil, 1314 , 
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The Capacity for Heat of Metcds at Low Temperatwree 

By E H. Gbifftths, Sc D , F B S , and Ezeb Obiffithb, M.Sc , Fellow of the 

Umvemty of Wales 

(Beoeived Jiuie 16, — Bead June 25, 1914 ) 

(Abstract ) 

In the first part of the paper of whicli this is an abstract, an account is 
given of the apparatus and the method employed in determining the atomic 
heats of the metals Na, Al, Fe, Zn, Ag, Cd, and Pb, at vanous points in the 
range from 0® to about — 160° C 

A Hew method of maintaining an enclosure for long periods at any desired 
temperature witlun this range is described, the tToule-Thomson cooling effect 
of air on expansion being utilised for this purpose 

Details of the method of controlhng the temperature are given , here it 
suffices to say that there was little difficulty in keeping the oscillations in 
temperature of the exterior walls of the coppei enclosure within a hundredth 
of a degree in magnitude 

In the case of sodium special expenmenlal difficulties presented 
themselves, and the internal portion of the apparatus difiered m design 
from that used ^ith the other metals The platinum thermometer was in 
the centre of the block, while the beatmg coil, consisting of insulated 
manganin wire enclosed m fine metal tubing, was distributed throughout 
the mass of the metal This form of heating coil promises to be of 
considerable service m the investigation of poor conductors of heat 

We may remark that the method employed in this mvestigation, although 
tfiffering in fundamental respects from the one used in the previous work,* 
gave values whioli closely confirmed those results where the temperature 
ranges overlapped 

A study of the observations of Nemst on the metals silver and lead has 
led ns to the conclusion that no difference, greater than the probable error of 
experiment, exists between the values given by his method (eleotncal) and 
13km obtained ui our own investigations Hence, for the metals Al, Co, Zn, 
Ag, and Pb, it is possible to extend the atomic beat curves through the 
observations of Nemst at liquid ait and hydrogen temperatures. 

The only data available, at very low temperaturee, for No, Od, and Fe are 
those D^ar at about 50° Abs. But, fra reasons given in tiie paper, we 

• * Phil. Tnuu.,’ A, 800^ voL 218, p 119 (1918). 
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ore unable to attach to the abaolute vahies obtained by Dewar's method the 
same weight as to those of Nemat 

In Table I the values of the atomic heats are given at convenient intervals 
of temperature, so as to facilitate the testing of any theory over an extmided 
range. These values have been obtained from smoothed curves drawn 
through our observations from 400° to 120° Abs , and extended thiongh the 
observations of Xemst or Dewar above mentioned 

Table L 
Aluminium 

T (Abi )32 4B0 ia0a00 260»»840880 
C/ 0 2S 2 27 8 74 6 14 6 64 S 81 H-W 6 18 

Iron 

T 60 110 160 210 260 810 860 880 

C, 0*98 8 47 4 60 6 88 6 70 6*09 6 28 6 41 

Copper 

T 28 6 60 90 130 170 210 260 290 890 

0^2 1 82 8 48 4 78 6 23 6 60 6 70 5 88 8*09 

Zinc 

I 30 80 120 180 810 260 310 860 890 

Oj. 0*94 4*00 6 16 5*81 6 82 6 96 8 10 6 19 6*26 

Sliver 

T 86 60 100 160 200 200 800 340 880 

C> 1*68 888 488 688 688 6 98 0*06 6 12 6*21 

Cadmium 

T 60 100 140 200 280 800 840 880 

C, 8 46 6 87 6*79 6*99 6 14 6 24 6 88 6*44 

Lead. 

I 28 87 60 80 100 140 200 800 880 

C/ 2 96 4 60 6*14 6*78 6 87 6*97 6 10 6 82 6 49 

Sodium 

T 80 90 160 240 800 880 860 868 878 898 418 

C, 8*60 6 04 6*90 6 86 6*66 6 86 7 83 7 48 7 44 7 80 7 84 

In the second part of the paper a brief review is given of the various 
formula which have been proposed for the representation of the atomic heat. 

Einstein’s theory, based on the conception of the atoms as consisting of a 
number of Planck’s resonators with a single frequency, gives values whidi 
are too small at low temperatures. 

Nernst and Lindemann’s formula, which is an empirical modification of 
Einstein’s expression, taking into account two frequencies, the one tiie 
octave of the other, gives values which are, in general, too high at low 
temperatures 
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Debye has given a solution of the general case in which there is a 
oontinuouB senes of frequencies from zero to a certain limiting value 
oharaotemtic of the substance The value of this limit frequency can be 
calculated from the elastic constants His theory is based on a number of 
hypotbesca which cannot be accepted as being strictly valid, but of the 
formulse hitherto published for the representation of the atomic heat curves 
of the metals, that of Debye gives the closest ap]>roximatioif to the experi- 
mental results. 

The following three examples show the order of agreement between the 
observed and the calculated values, and it will be observed that the 
discrepancies exceed the possible errors of expenment 


Temperature ! Of (obaerred) 


G/ (ealculated) 


Dxfferonoe 


Aluminium 


I o 

I 


85 

0 88 

0 86 

- 0H)2 

1 80 

2 27 

2 88 

- 0-06 

140 

4 20 

4 20 


2200 

6 U 

5 10 

•f 0 04 

260 

6 68 

6 47 

+ 0 06 

800 

5 81 

6 74 

+0 07 

880 

0 18 

6 01 

40 12 

* 

Silver 


86 

1 68 

1 04 

-0 06 

86 

4 42 

4 68 

-0 11 

120 

5 20 

6 21 

-0 01 

200 

6 84 

6 76 

+ 0 06 

280 

e-oi 

0 01 

1 

800 

6 16 

0 16 

40*01 


Load 


28 

2 ^ 

2 96 

+ 0*01 

80 

6 72 

6 04 

+ 0-08 

120 

6*98 

6 91 

40-02 

200 

0 10 

6 18 

-0 08 

280 

6 28 

6 28 • 


880 

8 46 

0 45 



Of the metals considered in the paper, lead has the lowest frequenoj and 
alninuunm the highest In the oomparison above given, the limit frequency 
inserted m Debye’s formula is such that the calculated value coincides with 
the observed value at about 120° Abs , this being the loweet temperature to 
wbioh we earned our investigetion. 

The elastic constants of the metals are m some cases so discordant 
TOU X0.—A. 2 X 
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the calculated values of the frequencies can only be regarded as conflnuatoiy 
of the value inserted in the atomic heat formula 
The following comparison shows the order of agreement between the 
values obtained by the two methods'* — 


V«xlO-w 


M«tol 


Ym (ipooifio h«at) 



A1 


Fb 



8 0 

4 8 

1 9 

-•) 


8 8 

4 4 

1 5 


Prof Callendar has kindly inserted a note regarding his theory of atomic 
heat 


Dilute Solutions of Aluminium in Gold 
By C T Hkycock, FKS, and F H Nkviixk, FK.S 

(From the Goldanutha' Metallurgical Laboratory, Gambndge ) 

(Beceived June 16, — Bead June 36, 1914.) < 

(Abstract) 

The paper deals with the solid condition of alloys containing not more 
than 6 per cent by weight of aluminium The diagram is a concentration- 
temperature dtagiam, the atomic percentage of alummium being measured 
honsontally from left to right, and the temperature, in degrees Centigrade, 
being measured vertically 

The alloys melt at varying temperatures, but below the uj^r hne AnAoi 
of the diagram they are wholly solid , we may say, aiqproximately, that they 
are wholly solid below 625” C Between this temperature and tbe level of 
the point L there is a range of 100**. The diagram shows four oompartmenta 
in this area and records the following facts : — ^Tbe first area, <m the left, 
indicates the fact that gold can dissolve rather more than 2 pw oent by 
weight of aluminium to form uniform soMd solutions) these we call a. IK^th 
rather more alumhuum we have the complex alloys of the seocmd area, 
oontsining, in addition to «, a seocrnd constituent In the alhqFs ef the 
third compartment, /9 is the sole constituent, while in tbe fourth a sew 
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oonstitumt D appears Lika «, <9 can vary m compoolaon, but only 
between narrow limits , D is probably the compound AusAls. 

The solid 0 may be regarded as a solvent for at an<l D, for when the 



tejMreMtttutive point of an alloy passes, by ooohng, out of the tmn^ hha, 
then « or D crystallises from the pievioasly uniform substance of the 
aUojr. the form u which the D crystallises being somewhat remarkable. 
L is an eutaotoid point, whan a slowly cooled alloy foils below 624**, the 
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temperature of the L point, the re^dnal fi breaks up into a “pearlite'* 
or eutectoid complex of « and D, the /9-phase wholly disappearing 

The above remarks apply only to alloys that have been cooled from the 
molten state to temperatures not below 400° C. If cooled below 400°, tiie 
alloys with an alummium content between 2 and 5 per cent, by weight 
undo I go a remarkable change, they recalesoe, the temperature suddenly 
jumping as much as 70° in the case of alloys containing 3 3 per cent, by 
weight of aluminium, with a smaller rise in the case of alloys with a greater 
or less percentage The microscope shows that the recalesoenoe is due to a 
decomposition, or reorystallisation, of the fi, or more precisely, to a reaction 
between the » and the I) of the L eutectoid The recaleacenoe causes a 
permanent change in structure that is unaftected by prolonged annealing 
at any temperature below 520°, so that the new state must be regarded 
as the stable one at all temperatures below 520° The recalesoenoe some- 
times, but larely, ocouis spontaneously above 410°, but between 25 and 
4 per cent of aluminium it can be provoked at much higher temperatures , 
for example, if an ingot near L m conipositioii be cooled from the molten 
state, and at 500°, or even as high as 514° (where it is wholly sohd), it 
be touched with a cold steel wire', the reoaleaoence occurs with a nse of 
temperature to near 625°, but never to above this point. A complete 
reoiystaUisktion takes place, with partial fusion of the ingot Such a 
profound change caused in this way is somewhat remarkable. 

We liave strong reason to think that, m all oases of recalesoence, the new 
substance formed is the definite compound AuiAl The dia gntm we give does 
not apply to the alloys containing the new substance. 
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On the Comeoiion of Heat from, Small Cylinders %n a Stream of 
Flttid : Determination of the Convection Constants of Small 
Platinum Wires, with Applications to Hot-Wire Anemomtiry. 

By Lotris Vissot Kiko, BA. (Cantalx), Assistant Professor of Physios, 
MoGill University, Montreal 

(Communicated by Prof. Howard T. Barnes, F B.S. Seceived May 6, — Bead 

May 2S, 1914) 

(Abstract.) 

Fart I 

Sections 1 and 2. — Until comparatively recently, the problem of solving 
the equations of heat conduction in the case of a solid cooled by a stream 
of fluid had received little attention, although the general problem was 
formulated by Fourier* himself as long ago as 1820 In 1901 the problem 
was taken up by Boussinesq.f and many rases were dealt with m his 
memoir of 1906. By means of an extremely elegant transfonnation 
Boussmesq was able to express the general equation for the two-dimensional 
problem in a linear form by transforming the equation to the set of 
orthogonal curvilinear co-ordinates determined by the stream-lines and 
equipotentials of the hydrodynamical problem of the flow of a uniform 
stream of velocity Y past the cylindrical obstacle, the equation for the 
temperature 6 at any point of the fluid takes the form 

0»^/3/9» = 2»atf/0y8, (1) 

where the curves » s constant represent the stieam-lines and /3 s constant 
the equipotentials. The constant n is given by the relation 2n s cYfe s 
saV I «, where e is the speoiflo heat of the fluid per unit volume, a that 
per unit mass, a- its density, and « its thermal conductivity If the. 
surface of tlie cylinder be the particular stream-line « as 0, and the criUcal 
equipotentials be the curves /3 m 0 and 0 = 0c, the heat-flux per unit 
length of the cylinder is given by • 

H» -f*(3^/a«)»d/8, (2) 

Jo • 

where the iategzel is taken to include the two branches of the stream-litte 

a aa 0. 

t Fettnar, 'Mfoioitas da I’Aosd&nia,' vol IS, jx 607 (18S0) 

t Benadaaaq, * Oomptaa Baadiu,’ vol. 138, p S67, alao ‘Joum. da Matbdmatiquaa,* 
vd. 1, nt S8S-388 (1806). 

WL XO.— A. 2 a 
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The transformation just desonbed iseditoes the problem for anj e7lia4er to 
tliat of calculating the temperature Biatribution in •: 'ttiditOl'm stteafli 
flowing parallel to the axis of «(a s 0) when the tem p e i ait u re or the'heat* 
flux IS presciibed over the interval a; s 0 to « =s Booasuietiq obtains 
an approximate expression foi the heat-loss bj neglecting the term 
in equation (1), and deriving a simple Fooner solution corresponding 
to the condition that the temperature be constant over the cylindrical 
boumlary • 

Section d — It was found by the wnter that Boussiuesq’s result did not 
meet the requirements of the expenments on the convection of heat from 
small platinum wires cooled by a stream of air The complete formulation 
of the possible boundary conditions is most oonveniontly obtained by 

expressing the problem in terms of an integral equation. Use is made of 
H A Wilson’s solutionf for the temperature at any point (x, y) due to 
a line source of strength Q at the origin in a stream of fluid flowing 
parallel to the ^--axis m the form 

6 — (Q/2w«)c~K*(nr), (3) 

where Ko(z) is that solution of Bessel’s equation most conveniently defined 
by the definite mtegral 

K«(*)= (4) 

Jo 

If 11 (f) represent the total flux of heat from an elementary portion 
of the j;-axi8 between « ss 0 and x ss 0^, the boundary condition over the 
axis y = 0 IS expressed by the relation 

2ir*^(*)s= f (6) 

Jo 

where 6(x) is the temperature at the point (x, 0) of the boundary. Xf the 
tempeiaturo is prescribed over the boundary, (S) constitutes an inte^nl 
equation for the determination of it(f), if the flux of heat u(^) Is pro- 
scribed over the boundary, the same eqnatnm gives the temperature of thd 
stream in contact with the boundary. In either case, the total heat-loss 
from the cylinder per unit length is given by 

(fl) 

* BouiwiiieBq'B expreaaion for the heat-loftn per umt length from a oylmder d rad^ 

IB given by H « 8v^(fl0r«V4r/«r) where ib the exeem of temperature of the cylinder 
above that of the fluid at a duitance * * 

t U A. WilBon, “ On tlm Conveotum of Heat,” « Gbmb Phil Boa Proe./ voL 1% p. m 
( 1904 ) 
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Seetwns 4-7. — A solution of equation (5) m whush the heat-flux is assumed 
to be constant over the boundary gives nse to an expression for the heat- 
loss which 18 in good agreement with the results of «qtetunent on the 
convection of heat from small platinum wires cooled by a stream of air 
In this case the heat-loss per unit length is given by the equation 


( 7 ) 

In order to test the theory, it is necessary to tabulate the function 

Je^Ko (u) du. Use is made of the tabulated values of the function Ko (x)* 

and the integral is evaluated step by step 1^ makmg use of Euler’s formula 
for quadratures, the arithmetical operations being easily earned out by means 

of a calculating machine The graph of the function y = a;|Qe^Ko(u)(f«J 

plotted against ifx is shown in the accompanying figure Over the range 



oah? 



0*X ()•« 0>5 04 Ofi 0>6 0>7 0<6 0-9 X*0 la I*a 1*9 14 1*5 X6 1-7 14 19 a<> 
of values of the variable corresponding to the mterpretation of the experi- 
ments on the convection of beat, the curve lies extremely close to its 
aqrmptote 

y « l/(27r)+v'[*/(2w)3, (8) 

while for small values of the variable it can easily be shown that an 
approximate value is given by 

y m l/[(l-y)-logi4 (») 

* Tables due to W, 8. Aldis (' Boy. Boo Froo.,* voL 64, p. 810 (1806); ate given by 
Jahnbe and Emde, * Vunktiouentafela,’ p. 18S (Teubnere, loOO). 


2 8 2 
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7 being Euler’s constant, 7 » 0 5771. The coneqxmding ex pw w a faw for tii 6 
heat-loss per unit length for a oylindrioal wire of isdiua a are : — 

(High velocities) H s= «c&o+ 2 v^(w« 8 va)'V’^ 0 i (10) 

(Low velocities) H = 2Tr«&o/(log5/a), (11) 

where b in ( 11 ) is given by 6 = /ice*“'r/( 8 o’V) 

The boundary condition of constant flux gives nse to a disoontinuity of 
temperature over the boundary , from the pomt of view of the kinetic theory 
of gases, temperature conditions cannot be strictly defined in the immediate 
neighbourhood of the heated cyhnder, and it is only at a distance of several 
free paths when equi-partition is nearly complete that temperature can 
strictly be defined and that normal thermal conduction takes place. 
Equation (10) gives so good an account of the experiments that it seems 
possible to make use of the method of flow in a determination of the thermal 
conductivity of gases , the form of apparatus leqiured lends itself easily to 
measurements over a wide range of temperature and pressure The kinetio 
theoiy offers some support as to the condition of constant fiux being very 
approximately physically realised m the case of a stream of gas moving over 
a thin wire , should this prove to be the case, the somewhat indeterminate 
boundary conditions in the statical methods of measuring thermal conductivity 
would bo avoided. 

Part II — Expenmmtal 

Sections 8 and 9 — The present experimental investigation was undertaken 
with two objects in view — 

( 1 ) To study the laws of the convection of heat from small platinum 
wires heated by an electric current over as wide as possible a range of 
temperature, air-velooity and diameter in the light of the theoretical devel(q[>- 
ment of Port I, and to obtain in absolute measure theoonvecUon oonstauts ot 
small platinum wires. 

(2) To make use of the constants thus obtained in the design of accurate 
and portable wind-measunng apparatus to form the basis of a standard 
system of anemomelry, as well as to serve for use m a great vanefy of 
engineering and aerotechnical problems. 

The general arrangement of apparatus necessary to carry out the requisite 
measurements of heat-losses from a senes of platmum wires of diameters 1 to 
6 mils consisted of a rotating arm capable of adjustment to any speed as 
calculated from a chronograph record. At venous Imigths along thu arm 
could be clamped a light fork designed to hold the specimens of wne under 
test, The latter formed part of a Kelvin double bridge, eleeteical connexion 
being obtained tiirough a central mercury connecting stntch and overiwad 



Small Cylimdertt in a Stream ofMuid, 567 

wim to the remainder of the bridge. By means of a rheostat it was possible 
at each speed to adjust a measured current through the wire so as to bung its 
resistance to a value corresponding to a pre-deteimined temperature In this 
way it was possible to vary at will the various factors of temperature, air- 
velocity, and heat-loss 

In order to obtain a correct measurement of velocity by the use of a rotating 
arm, it was found necessary to make a correction for the velocity of the vortex 
set up in the laboratory This was accomplished by making use of one of the 
wires previously tested on the rotating arm as a hot-wire anemometer for 
measuring the velocity of the vortex set up by the rotating arm , for a wire 
fixed at any radius it was found that the velocity V relative to the air of the 
room IB connected with the velocity V, relative to the room itself by the 
relation V =s (l—s) Yr, s being a constant for the radius employed and the 
disposition of the apparatus in the room The constant a may be convemently 
called the " swirl ” and expressed m percentages of the apparent velocity , for 
a radius of 2 6 metres a is as much as 5 per cent 

Seetwna 10 and 11 — The wires employed were drawn down through 
diamond dies from a length of 6 mil pure platinum wire whose constants 
were accurately known for the purposes of platinum thermometry It was 
found necessary to redetermine the temperature coeHicients after each wire 
bad been heated for a considerable time to about 1200° C m the course of tlie 
convection experiments The diameters of the 10 sizes of wire tested (from 
6 to 1 mil) were directly measured to within 1 per cent by means of a high- 
power microscope 

Seetion 12 — Under conditions of rapid coohng by convection, the calcula- 
tion of the temperatures of the wire from its resistance may be subject to 
uncertainties due to the existence of gradients of temperature. It is shown 
that under extreme conditions the excess of temperature of the centre of the 
wire over that of the boundary cannot exceed 0 6° C at 1000° C . so that this 
source of error is negligible More senous is the Qooling effect of the leads 
and potential terminals, which must be so arranged that this source of error 
may be within the limits of experimental errors , the effect is calculated out 
in detail and a numerical table is drawn up showing that with the disposition 
of apparatus of the convection measurements the «rtor due to the leads and 
potential terminals may be neglected. The possibility of mor becomes more 
serious in the design of hot-wire anemometers with short wires, and in any 
particular oase may be k(^t within small limits by a referenoe to the above- 
mentioned Table. The importance of keeping the anemometer wire firom 
vibration is shown by a mathematioal investigation of the error involved. 

iSKoMou 18. — Observations on ^ heat-loss per unit length from a senes of 
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ten plalmum wires of diameters 6 to 1 mil under varying conditums of 
temperature and wind-velooity am analysed in detail. For each velocity 
(oorrected for “ mirl ") the ourrents required to heat the wire to a pre-deter> 
mined series of resistances (from which the temperatores were oaloulated) 
weie measured The corresponding heat-loss in watts per umt length was 
calculated for each temperature the theory of Part I suggests that the 
results be examined m the light of the formula W s where B and C 

are functions of the temperature and of the dimensions of the wire When 
W IS plotted against v/V for each temperature, a fomily of straight lines is 
obtained and by determining the line of closest fit to the observed points, the 
constants B and C can be found for each wire 
It IS found by plotting B against 6 — 0o, the excess of temperature of the a ire 
above the surrounding air, that the resulting graph approximates very closely 
to a straight line for a range of temperature attaining to as high as 120U° C. 
this result may be expressed by the relation B where fi shows the 

existence of a small temperature coefficient represented by/8=:/8b[l-{-i(0— 9a)], 
b having the value & = 0 00008 Finally theory requires that be proportional 
to v/«o, oo being the radius of the wiie A graph of /So* agamst Oo shows this 
condition to be satisfied, leading to the final result 

fiol’s/oa s 1*432 K 10~* (experimental) (12) 

The theoretical formula (10) requires 

fiolfoo SB 2v/(7ra)<roXu) = 1 66 X 10~* (theoretical), (13) 

taking 6 001293, ko ^ 6 66 x 10~* calorie and so as 0 171 calorie The agree* 
mint of (12) and (IS) must be considered fair m view of the uncertamty 
attached to the value of the thermal conductivity for air, and also in the fact 
that the theoretical investigatioD does not take into account the variation of 
this and other factors with the temperature gradient in the neighbourhood of 
the wire 

In order to interpret the constant 0 in terms of formula (10), it is necessary 
to calculate the contribution to the term C due to radiation It is shown from 
the observations of Lummer and Kurlbaum* that the radiation loss from 
polished platinum at absolute temperature ^0 is given in watts per cm.* by 
the relation 

ear 0514(0/1000)** (14) 

Having calculated the radiation loss per centimetre of the wire from the 
formula E as 27ra e, we obtain the true convection loss Go sa 0-*E. it is found for 
each wire that Co is very nearly proportional to the temperature difference 

* Lummer and Kurlbaum, ' Terh. Oeut. Phys. Ges., Berlin,* vd. 17, p. 108 (1808)< 
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tfo. a»d may be repreeented by the formula Co = ^o)[l+c(^”"^o)]f 

7o being nearly independent of the diameter of the wire and having the value 

7o = 2 50 X 10~* (1 + 70ff) (experimental} (15) 

According to the theoretical equation (10), Co — Kt^^O—So), giving 

7 o = Ko = 2 37 X 10~* watts (theoretical), (16) 

in excellent agreement with the observed value (15) The coefficient e has 
the value c = 0 00114, which may be considered to lepresenl in laige measure 
the variation of the heat conductivity with the temperature 

Section 14 — It was found that the constant So varied in a marked manner 
with the inclination of the wire to the direction of the stieam, an effect which 
can be utilised in practical anemoinetry in determining the direction of the 
resultant flow in a complicated distribution of air- velocity 

Section lo — Formula (11) for small velocities agrees in form with the 
empirical formula proposed by Langmuir* to represent the results of his 
experiments on the free convection of heat from small platinum wires The 
corresponding mathematical problem has not yet been solved completely, but 
may be dealt with in the light of the present investigation by supposing that 
the wire is cooled by a current of effective velocity V due to the ascent of 
heated air over the surface of the cylinder Making use of the constants 
obtained from the present expeiimeuts on foroetl convection, Langmuir’s 
observations can be interpreted and the velocity of the “effective ” convection 
current estimated , these results are of some importance in hot-wire anemometry 
as the “ effective " velocity sets a lower limit to value of the air-velocities 
which It IS possible to measure by this means. 

PaH III 

Sections 16-18 — The special type ot portable hot-wire anemometer 
developed by the writer may be called a linear anemometer in contra- 
distinction to several forms of integrating instruments which havo already 
been de8oribed.t Detailed specifications are given for the construction of 
such anemometers The Kelvin bridge connections are retained, and this 
mokes it possible to make use of previously calibiated anemometer wires 
A 8*mil platinum wire, heated to about 1000° 0, was found to be the 
most convenient in practice , by means of a portable galvanometer the 
current required to bring the resistance of the anemometer wire to about 

* Xangmuir, "Conduction and Convection of Heat in Gaaes," ‘Physical Beview,* 
voL M, p. 410 (191S) 

t Bordoni, tr., ‘Nuovo dmento,* Senes VI, vol 3, pp. 241-S83, April, 191S , 
Morns, J. T,, ‘Engmeer,’ September 27, 1912 , ' Electncian,’ October 4, 1912, p 1006 , 
Oerdien, H., ‘ Ver Dent. Fhys. Oes.,’ Ho 20, 1918 
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four times its lesistanoe at room temperature is measured. For the same 
wire the current t required to bring the wire to the prescribed resistsnoe 
and temperaturo m a current of air of velocity V is given by a relation 
of the form 

t» = to*+*v/V, (17) 

and k being the constants of the instrument determined either by 
calculation or by direct oalibiation Expenments carried out by Prof 
A M Gray* and the writer indicate that consistent measurements of 
turbulent flow and of sharp gradients may be obtained independently of 
the tliameter of the wire It was found possible to resolve a gradient m 
which the velocity changed by 6 cm /sec over a distanoe of 1/10 mm 

The advantages of the anemometer designs and connections described may 
be briefly stated as follows . — 

(i) The use of the Kelvin Ijridge connections makes it possible to 
standardise and calibrate anemometer wires at a central laboratory 
independently of the remainder of the apparatus with which the wire is 
to be employed 

(ii) These connections also enable the wire to be heated to a high 
temperature, with the result that tbe determinations of velocity are 
practically independent of ordinary vanations of loom temperature 

(ui) The use of the linear anemometer makes it possible to establish a 
consistent measure of turbulent flow 

(iv) The linear anemometer makes it possible to analyse sharp gradients of 
^elocltIes without disturbing the flow at the pomt of measurement 

(v) The properties of the Kelvin bridge connections make it possible to 
connect an anemometer through low-resistanoe slip nngs, and provide a 
means of attacking such problems as the analysis of velocities in the 
neighbourhood of rapidly revolving aeroplane propeller blades, or between 
the blades of centrifugal fans. 

An instrument of the type described could easfly be constructed to give a 
continuous graphical record, thereby greatly increasing its usefulness in the 
analysis of complicated velocity distnbutions 

* Of the Department of Eleotrioal Bngueering, MoGhU Umvenity 
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On Some Sources of Distwrhance of the Normal Atmospheric 

Potential Gradient. 

By W. A Douo]:<a8 Budox 

(Communicated by Dr. W N Shaw, F B S Becetved May 2G, — Bead 

June 25, 1914 ) 

The author lias made a study of some of the abnormal vanationB due to 
local circumstances and it appears that there are three main factors beeddes 
rain, hail and snow which may exert a disturbing influence, viz — 

1 The presence of dust raised by the wind sweepmg over loose soil, etc., 
or by trafhc passing along roads and streets. 

2 The presence of dust produced during certain manufacturing operations 

3 The presence of clouds of steam 

1. The Effects dm to Dust 

In various communications* it has been shown that the presence of dust 
had a very marked influence on the atmospheric |>otontial gradient, and in the 
earlier work it seemed to be in the direction of reducing the gradient or 
changing its sign from + to — , the magpitude of the change dqiending upon 
the amount of dust present in the air These observations were taken in 
Africa and were earned on during a period of nearly four years over a large 
tract of oountiy which included such places as Cape Town, Bloemfontein, 
Kimberley, Johannesburg, Pretoria, Durban, Lourenqo Marques, Victoria 
Falls, Beira, Zanzibar, Mombasa, Port Sudan, Suez, Cairo, Port Said, and at 
altitudes \ ary ing from sea-level up to 7000 feet As far as Afnca is concerned, 
the general result was that iQ nearly eveiy case the presence of dust, whether 
raised by the wind or by trams, camels, horses or motor cars, caused the 
positive potential gradient to be diminished, and m extreme oases reversed 
Dunng a “ dust ’’ storm negative potential gradients of 10,000 voltB(*) per metre 
were not infrequent, but the positive value was as a rule qumkly restored 
after the dust had settled The curve A (fig 1) is a reoord of such a storm 
taken with a Bendorff electrometer, the positive values of the gradient being 
shown above the line 00', and the negative values below ; the normal fine 
weather curve (B) is shown for contrast The sensitiveness of the electrometer 
was such that it could not reoord greater value than 400 volts per metre, and 
the horizontal portions of the curve indicate that the gradient was too high — 

« ' Sm South Afrioa,* vol 8, Part Y (1918) : <Nat«i«,' Maroh IS, 1918 , < PhU 
Mag./ April, ISIS ; ' South Afrioau Jonm. of Soionoe,’ February and Mat^ 1918 
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probably over 2000 volte per metre — to be recorded. In addition to the 
negative charge given to the air a positive cbaige was present upon the dost 



when it was of a siliceous character , but an extensive senes of experiments 
made with dusts of different natures show that some give negative charges to 
the air, and others positive charges The negative cbaige seems to be 
associated with those bodies of an "acidic" character, whilst the positive 
charges are given by those of a " basic " character, or by salts such as the 
carbonates in uhich the acid is weak * 

In order to observe the effect of dust upon the potential gradient any form 
of electroscope furnished with a radium-coated wire to act as a collector wiU 
suffice A small pocket electroscope, which can be attached to a walking- 
stick, has been used for making qualitative tests, but for quantitative work 
the Wulf electrometer is very convement Perhaps a radium-coated wire 
IB not the best form of collector if absolute valCes are required ,, but for 
comparative tests it is unsurpassable On exposing the electroscope, say, 
on the roadside or in a street, the radium oolleotor rapidly takes up the 
potential of the air in its neighbourhood, and the leaf remains steady for 
some little time , but if, however, a cloud of dust is raised by any means 
the potential will alter, increasing or diminishmg, or even reversing in 
sign, according to the nature of the dust raised It has been mentioned 
that the charge upon the duet is opposite m sign to that upon the air, 
and this has been seen in a most striking fashion. During a strong South 
African dust-storm it was observed that an electroscope plaoed near to a 
window occasionally showed a divergence of its gold leaves which at first was 


* 'PhiLMag/AptihinA 
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attributed to air currents, but the effect was really due to the air lumde 
tlie room becoming charged, as the following experiment shows. The window 
was raised for some distance and a piece of wood htted in to fill up the 
gap A hole about 20 cm in diameter was made in the wood and a tm 
tube fitted in, but well insulated by means of several layers of paraffined 
paper, the end of the tube projecting into the room was covered with a 
piece of wire gauze and several layers of fine chiffon The dust blown in 
through the tube charged it so strongly with posdtve electricity that sparks 
could be obtained from it, and at the same time charged up the air of the 
room with negattvt to such an extent that an electroscope furnished with 
a radium collector indicated a charge in any part of the room, m some parts 
sending out the leaf to a right angle 

In taking observations in Europe one is generally confined to the dust 
which can be raised by the wind or by the passing of motor cars, etc , 
over roads The surface of the country is not dry enough, as a rule, to 
permit of a cloud of dust being raised from the ground by the wind , but 
m some instances, ploughing after harvest has yielded sufficient dust to 
make its influence felt Galloping horses on the sea shore, well above 
high-water mark, raise a sufficient cloud of dust to reverse the positive 
potential 

Observations have been taken at many places in Europe, in cities and 
along country roads, and the changes in the potential qualitatively observed 
The effect of a dust composed entirely o| sihceons materials, such as sand, 
weathered granite, basalt, fine clay, etc , is to dimmish or, in extreme cases, 
to reverse the positive potential, whilst that of a calcareous material is to 
increase the positive potential If there is a mixture of materials there is 
generally an increase of the positive potential , and on all old roads there is, 
in addition to the stony material, a large amount of organic matter, so 
that the general effect of dust » to cause the potential to mcrease Tlie 
actual change m the value of the gradient may be very large, say, from 
100 to 600 volts per metre , the effect is, however, transient, and disappears 
with the settling of the dust Upon freshly repaired sandy roads m 
Cambridgeshire and the New Forest, passmg motor cars raised clouds of 
dust which gave a negative potential, but after a few days’ use, sufficient 
organio matter accumulated to cause the normal positive potential to be 
increased 

Since most roads are "metalled” witii silioeons materials, the bharge 
given to the air might have been expected to be negative,* but certainly on 
old roads the surface dust is a complex material, and what applies to pure 
* ' Boy. Soo. Proo.,* A, voL 90 (lOUX 
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silioa, etc., in the laboratoiy does not. do so to the mixture, and probably the 
much laiger scale of the expenment led to diCRsrent results. 

Specimens of road dust were collected from those places where observs* 
tions had been made of the variations of the potential dunng the raismg of 
dust clouds, either by the wind, or more generally by the passing of cats, and 
these were tested in the laboratory by the method already deecnbed,* which 
briefly is that a cloud of dust raised by a small bellows u projected against 
an insulated wire gan/e screen connected to an electroscope, and the charge 
upon the latter tested The air accompanying the dust is earned on, and its 
chaige indicated by a radium collector attached to another electroscope. 
The charges thus obtained were found to be opposite in sign The ohaige 
upon the air is the most satisfactory one to deal with, as it persists for a long 
time Testing in this way it was found that all specimens of dust gave nse 
to a charge upon the air, the magnitude of the charge vaiying with the 
degree of fineness, and also with its nature, whilst the sign of the chaige 
depended upon the chemical composition Merely shakmg a duster is qmte 
sufficient to produce an easily measurable change, so that a very small 
amount of material is quite sufficient to produce a measurable charge in 
a room. 

The curve (fig 2) shows how the presence of dust disturbs the normal 
gradient The normal curve was obtained at some distance away from the 



town, the other was taken on Hills Boad, Cambndge. Here every passing 
vehiole which raises dust makes its presence felt Only a few of tiie points 
of change of potential ate shown on the diagram, for even the passage of a 


* ‘ Boy. Soe. Froe.,’ A, vol 90 
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bicycle along a dusty road produces some disturbance Hie curve is a little 
diagrammatic, as it is the result of eye observations, but it well represents 
the extraordinary fluctuations due to the dust 

Many hundreds of observations have been taken in England and on the 
Continent, in addition to those mentioned in Africa, and some of these, 
which are typical of the rest, are given in Table T, which refers to road 
dusts obtained from Glamoi^gan 

Through the kindness of the Coimty Surveyor, Mr. G. A Phillips, I have 
been able to make an interesting set of observations on the dust from vanous 
roads in his district The matenals used are of many kmda, and of known 
ongin They may roughly be divided into sihceous and calcareous, and the 
electrification obtained with the clean dust was generally of the sign which 
might have been predicted from the nature of the material The material 
from the roads vaiied very much in the degree of fineness, and also in the 
amount of organic matter present. Some of the siliceous specimens contained 
calcium carbonate in measurable amount The limestones naturally were 
neaily all calcium carbonate, but the other samples probably coiitamed the 
carbonate as an accidental contamination In several instances given in 
the Table it is seen that granitic and basaltic dusts give positive charges 
to the air instead of negative, as would have been anticipated from the nature 
of the material, but this was due to the dust really bemg composed of a 
mixture, as the following experiments show. 

A portion of the basaltic dust from the Ely and Cowbndgeroad was treated 
with excess of HCl, and the insoluble residue washed and dried This residue 
on spraying in the usual manner gave a— charge to air and + to gauze, showing 



that the opposite eflbet obtained with the untreated dust was due to the 
presence of oalmum carbonate. A similar result was obtamed with granite 
dust c ont’afniug organic matter after the latter had been burnt off, so tiiat it 
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may be reasonably inferred that a purely mlioeous dust would always give 
rise to a negative charge in the air 

Table I 



Nature 

* and appearance 

Charge 
giren to 
air by 
wind, etc 

laboratory test 

Ongin of maternal 

Charge on 
air 

Charge on 
gause 

Olohfa iindge 

i Granite Grey coarse dust, 
with little orgamo matter 

- 

- 

+ 

ICofanBoad 

Limestone White 6ne 

powder, with Utile organic 
nuttier 

+ 

+ 

Weak 

Very weak 

Neath Road 

1 imestone Light grey fine 
dust 

+ 

+ 

Weak 

wTak 

Oowhndge Boad 

Basalt Coarse dust, with 
little organic matter 

- 

Strong 

+ 

Fair 

Redhall and Nottage Boad 

Limestone Very fine dust, 
with much organic matter 

+ 

1 

1 

+ 

Strong 

Fair 

— Boad 

Basalt Grey coarse powder 

1 

Very strong 

+ 

Strong 

Neath to Pontwhallr 
Road 

Gmnite Light*grey fine 

dust 

— 

Very strong 

+ 

Very strong 

Garangleda Bndge 

Limestone Pink fine dust, 
with some orgaxuo matter 

+ 

+ 

Fair 

Weak and 
uncertain 

Boat and Nantgeon Boad 

Granite Bark fine dust, 
with muoh organic matter 

+ 

1 

fIit 

+ 

Fair . 

Neath and Port Talbot 
Boad 

Granite Very fine dust, 
with lot of carbonate 

+ 

Very weak 

0 

Beaufort and Fontardulau 
Boad 

Limestone Fine grey dust 

+ 

+ 

After some 
time 

Weak 

Port Talbot Boad 

Limestone Fine dust, with 
little organic matter 

+ 

+ 

Very strong 

Fair 

Maeigwyn 

Gramte Coarse gr^, no 
organic matter 

- 

Very strong 

+ 

Strong 

Pont^pndd 

Basalt Bark gr^ coarse 
powder , small organic 
matter 


Very strmg 

+ 

Very strong 

Penwyli Boad 

Limestone Fine dust 

+ 

+ ♦ 
Strong 

w7ak 

“ Coopera* Armn ” 

Basalt Bark grey coarse 
dust 

- 

vUit 

+ 

StroDg 

Boad, fourth mile from 
Cardiff 

Basalt. Balk grey powder, 
i with earbonate and organio 
matter 

+ 

Fair 

+ 

Fair 
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Table II — eonttnued. 


Ongin of materiftl 

Nature 

and appearance 

Charge 
given to 
air by 
wind, etc 

Laboratory test 

Charge on 
air 

Charge on 
gause 

Llandofl Road 

Tamratone Ver^ fine dust 

+ 

+ 





Fur 

Weak 

RW and Cowbndge Road, 

Baaalt Orey coarse dual, 

1 

^ ' 


+ 

fifth mile from Cardiff 

with organic matter 


Weak 

Vo^ weak 

Rlj and Cowbridge Road, 

Limestone G-rey dust, with 

+ 

+ 

— 

ninth mile from Cardiff 

much organio matter 



Weak 

Noar Pyll Station 

Limestone Fine hght dust 

+ 

+ 





Very strong 

Fair 


2 Maniifaetwi mg Operatvmit, etc 

Several Portland cement works are sitnated near Cambndge and these have 
a very marked influence upon the potential gradient in their neighbourhood 
The gradient is enormously increased by the action of two factors (1) steam 
escaping from the engme, (2) the cloud of cement dust whioh envelops the 
works Both steam and cement dust give to the atmosphere a positive charge 
and it does not seem possible to determine the amount due to each cause, but 
the local effect of the two together is very great 

Tlie “ Norman ” Cement Works are about miles from the town and can 
be approached in one or two directions almost free from trees A calm day 
after ram is a satisfactory one for making a set of determinations Using a 
Wulf electrometer, readings were taken at different distances from the works 
until the potential indicated was the same as the average previously found for 
the neighbourhood The distance was measured by pacing, and the electro- 
meter had to be supported at different distances above the ground in order to 
meet the varymg potential gradient This was really very unsatisfaotory, as 
the observer’s body exerted a considerable mfluence, but a better arrange- 
ment could not readily be devised because the whole senes of observations 
must be taken durmg a short interval of time when the normal potential 
gradient is steady. Table II gives the record of the results obtamed on 
February 12, 1913. 

Measurements were taken both going to and returning from the works, the 
whole time taken being about an hour. A rapid tour round Cambndge in a 
motor oar just before and after the determination gave the average value for 
the potential gradient as about 76 volts per metre. At other cement works 
m the neighbourhood the same effect was seen, and at Pretoria the same 
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Table 11 


Dutonoe from works 

Potential gradient 

pftces. 

Tolts per metre 

100 

seo 

160 

640 

£U0 

420 

SCO 

860 

400 

800 

600 

260 

600 

210 

700 

160 

800 

180 

000 

90 

1000 

76 

1100 

70 

1200 

70 


thing had been previously observed Portland cement is a mixture of many 
things, but IB composed mainly of silicates, and the morease of the positive 
potential produced by its agency is thus the same as that derived fiom the 
mixture of materials composing road dust Inside the factory itself the 
gradientVas so high that it could not be found with the electrometer used. 

The author has shown* the great influence of the fine sihceous dust 
blown from the mine refuse heaps m the neighbourhood of Johannesburg. 
This refuse consists almost entirely of very finely divided quartz, and when 
a wind IS blowing large clouds of it are raised, with the result that the 
positive potential is completely reversed and a negative valne given, which 
can be detected for a distance of nearly a mile away from the mines in tho 
direction in winch the wind is blowing, but for a much shorter distance in 
the other direction 

The unloading of coal from a truck in a railway yard, or even the 
emptying of sacks in the cellar, gives rise to a positive charge upon the air. 
Some recent observations taken in coal mmes show that considerable chargee 
arise during the hewing of the coal if any quantity of dnst is produced. 
The same thing is seen inside a flour mill, and no doubt every industry 
which results in the formation of a cloud of dust gives rise to some change 
in tlie atmospheno charge Even ordinary domestic operations, such aa 
sweeping a carpet or shaking a duster, produce a local influence The air 
of a room after sweeping is usually charged positively. Shaking a tree, the 
hloBBoms of which are laden with pollen, produces an increase of the positive 
charge. This was veiy noticeable in the case of the bog myrtle and ales' 


* ' Trans. Boy Soo. Sonth Atnoa,' voL S (181S). 
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with the yew. Kahler* has noted the same thing from the pine trees in the 
neighbourhood of Potsdam. 


3 Infiuenct of Steam 

Since the tune when Armstrong devised his hydro-electnc machine, it 
has been generally known that the escape of steam under pressure was 
accompanied by strong electrification, but as far as I know no one — with 
the exception of Lord Kelvin, with whose workf I have recently become 
acquainted — has called attention to the great morease in the normal 
atmospheric potential gradient produced by steam escaping from ordinary 
engines 

The author’s attention was first called to the influence of steam when 
taking observations on the potential gradient at the top of Van Beenan's 
Pass, between the Orange Free State and Natal It was then noted that 
after a train had passed a few hundred feet away a considerable nse m the 
positive potential occurred, and this increase persisted for some time after 
the disappearance of the steam Further observations taken at many 
places, even in the heart of the City of London, have confirmed this The 
change in the potential was deteru^ed m the usual way with an electroscope 
furnished with a radium collector 

Becently some work has been done at Cambndge on the mflnence exerted 
by the clouds of steam emitted by locomotive engines, the details of which 
are given below. The country round Cambridge is fiat, and many spots 
may be chosen near to the railway where there are few trees to screen the 
effects and sufficiently far from roads to be out of the range of the dust 
influence Observations were taken at stations at different distances from 
the line, and the magnitude of the potential gradient noted after the passage 
of a train under steam The mere passmg of a train had no mfluence, 
unless as sometimes happened in very dry weather a lot of dust was raised , 
for the potential to bo largely mcreased it was necessary for steam to be 
escaping either in the usual way from the funnel, or even by blowmg off 
from the safety valve. As already noted the charge persisted after the 
cloud of steam haul disappeared, so that if the distance of the observing 
station from the line was sufficient, a tram might be out of sight before tiie 
ehange in the potential would be reooided. A convenient station was 
situated in a field off the Hills Koad just outside Cambridge. 

The observations were made with a Wulf electrometer funusbed with a 
radium coHeotor, and records were made of the potential indicated by that 

* ‘Phyi Zeiti'vol IStp. 1S16. 

'1 ' Fapsn on BUotrostatin and Uagaetiam,’ J 397. 
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instrument at definite intervals of time The plan given in fig. 4 shows the 
relative position of the railway and the observing station The trains from 
Cambridge became visible at A and passed out of sight at B, and Table IV 



Time in seconds 
Fta 4 


shows that the influenoe of the steam was not manifested until the train had 
passed beyond the latter point The ponlion £ was about 250 yards from 
the line 

The recording was continued until the potential had fallen to its initial 
value, or until the passing of a second train produced another disturbanoe. 

The effect was thus noticeable for about six mmutes after the passing of 
the trauia 

Table III gives a typical record The potentials are given m terms of the 
scale reading of the electrometer, and, when the threads were beyond the 
field of view, the gradient must have been over 700 volts per metre The 
normal value of the gradient was about 120 volts per metre. The curves 
(hg 4) show how the magnitude of the potential vanes with the class of 
tram , the one giving the greatest volume of steam produces the greatest 
change in tlie potential Curve No 1 is a slow "stopping” tram. No. 2 a ' 
goods tram, and No 3 a heavy "express.” The last curve is displaced 
25 seconds to the nght for clearness The tune elapsing before Uie change 
m the potential due to the steam reached the reoordmg instrument depended 
to some extent upon the direction and strength of tiie wmd. In.jwaotio^ 
calm weather tlie disturbance extended uniformly a connderable distance 
from the plaoe where the steam was emitted, but it was earned a gnater 
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Table III — Jaly 12, Hills Koad Station. Wind S W Tram to London. 

Heavy Express. 


Time 

Beading 

eeo 



0 

18 

Tnun at A 

15 

18 

.. C 

80 

19 

.. B 

46 

20 


60 

18 


00 

20 


120 

26 


180 

30 


185 

60 


140 





\ Too great to be moatuied by 

280 

— 

j electrometer 

260 

80 


2}0 

70 


280 

62 


800 

60 


310 

85 


816 

80 


880 

24 



22 


400 

21 



distance with the wind Some records were taken simnltaneously on both 
Bides of tlie line when the wind was blowing from south-west at an angle 
across it The electrometers were placed about 150 yards from the line 
Table IV gives the results, and the effect of wind is very distinctly shown 


Table IV — Heavy Express Tram 


North station 

South station 

Time 

Deflection 

Time 

Defleetion 

■eo 

diviuoni 

■eo 

divisions 

0 

10 

0 

20 

16 

21 

16 

82 

80 

86 

80 

28 

46 

66 

46 

20 

60 

80 

60 

86 

76 

— 

76 

46 

00 

— 

00 

66 

106 

80 

106 

80 

120 

62 

120 

84 

186 

88 

186 

20 

160 

26 

160 

20 

166 

22 

166 

20 

180 

20 

180 

20 
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The distance from the line to whioh the influenoe of the steam extends 
may, in certain cases with the wind, reach a distance of nearly a mile, and 
the time taken before the electrometer indicates any change may be from 
four to five minutes 

The curve (fig 5) gives the results obtained at a distance of nearly 
1000 yards, the potential changing from 70 volts per metre to about 200 



The influence of steam may be detected on a moving tram When a 
doud of steam is trailing behmd, an electroscope, furnished with a radium 
collector, will indicate a strong cliaige even inside the carnage, if the 
wmdow IS oiien Inside a tunnel a very strong charge can be detected, 
suiiicieut to send the gold leaf out at nght angles to its support Inside a 
boder-house the same tlung is seen if the steam is escaping under presstire, 
and here, too, the charge persists in the air long after the cloud baa 
disappeared. 

My acknowledgments are due to Prof Sir J J Thomson for the use of the 
Oavendisb Laboratory, where a portion of the work was carried out. 


Summary 

1 From these observations, the conclusion may be drawn that sudden 
variations of the atmospheric potential gradient may be due to local 
circumstancea 

2 The presence of dost in the atmosphere has the effect of altenng the 
potential gradient, sometimes increasing sometimes dumnidung the positive 
value. The dust from well used old roads practieally always mcreases tiie ' 
positive potential 

3 Manufacturing operations which result in the production of dust 
disturb locally the potential gradient 

4 The piesenoe of clouds of, steam increases the positive potential, and the 
effect persists for some time after the steam has condensed. 
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7^ 27 -Day Period in Magnetic Phenomena. 

By C Chrke, Sc.D , LL D , F E S. 

(Beceived Juno 6, — Bead June 26, 1914 ) 

§ 1. In two earlier papers, termed here for brevity SMi* and SMa,t I have 
discussed data supporting the existence of a period of about 27 days m. 
magnetic phenomena. The results have, I think, put it beyond question that 
there has been — at all events since 1890 — a decided tendency for the 
magnetic clwraoter of a day, whether disturbed oi qniet, to resemble that of 
a day either 27 days earlier or 27 days later more closely than it does that of 
the average day There is no period — or, it there is, its ain{ditude is very 
small — in the usual sense of the word, the phenomena do not go on repeatmg 
themselves m an indehnite sequence hke the phenomena of day and night 
Various ways suggest themselves of prosecuting the enqmry further, with a 
view to ascertaining its connection with other natural oocurrences, especially 
with sunspots or other solar phenomena Having at hand a long senes of 
magnetic records, the method thaiit appeals to me as a practical man is the 
utilisation of these records. The next question is how to use them to best 
advantage. 

If the 27-day penod, as we may term it for brevity, is directly associated 
with sunspots, we should expect it to be mfluenced by the difference between 
the solar latitude of sunspots in years of many and few sunspots. My 
previous work has shown that the penod, though ordinarily tar from 
insignificant, may sometimes be httle m evidence There is much that in 
the present state of our knowledge must be regarded as "accidental” in 
magnetic phenomena, and a few ” accidents ” conspiring together may render 
the 27-dBy penod unapparent in an individual year. Thus, for an enquiry 
mto the nature of the relationship, if any, between the penod and sunspots, 
or any other solar or lunar phenomenon, data are wanted from a penod so 
long that accidental phenomena will be largely ehminated from the groups of 
years representative of any one given set of conditums sntdi as sun^t 
tpaTimiim or nummum As a preliminary to any suoh general enquiry, the 
measure of magnetic disturbance to be adopted dauns consideration. The 
measure adopted in SMa, and also mainly m SMn was the "oharaoter” of the 
day on the international scale 0 (quiet), 1 (moderately disturbed)^ 2 (highly 
disturbed). Since 1906 mean "character” figures taken out to 01, based on 

* 'FluL Trans.,* A, voL SIS, p. 75 
t ‘FhU. Trans.,’ A. v«L US, p. 846. 
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the (late from a large number of stations, have been published at De Bilt 
These enable the dajs of each month to be arranged easily, and probably with 
adequate accuracy, in the order of then distni banco It is, however, impossible 
to say how the day whose character in the mtemational hsts is, say, 0 5 
compares with the day whose international figure is, say, 15 If one takes 
the “activity” of the day as defined by Prof Bidknginaier, which represents 
practicjilly the integral of the squares of instantaneous de^iartures from a 
normal value, the day whose international figure is 1 8 is much more than 
twice as disturbed as the day whose international figure is 0 9. There is a 
good deal to be said for “ activity ” as a measure of disturbance, but activity 
data are practically non-existent, and deriving them for any considerable 
period of years would represent an enormous deal of labour. A second 
objection is that there are a few days whose “activity" is so enormously 
greater than that of the average day that an “ accidental " occurrence of two 
of these might introduce a false period into the records of even a number of 
years 

International "character” figures, if available for years prior to 1906, 
would have much to recommend them Their unprejudiced nature is above 
suspicion, and their aid enables one to separate out at once the five most 
and the five least disturbed days of the month, five being a number which is 
generally recognised as at least convenient But international data do not 
exist prior to 1906, so one must use something else. In SMi, in the main, 
I took as a measure of disturbance "character” figures 0, 1, 2, which I 
allotted myself from consideration of the Kew curves alone One can allot 
" character " figures on this scheme to the days of a whole year in a couple 
of days or less, and the summation of columns contaimng only O’s, I’s, and 
2*8 IB simphoity itself Naturally, however, one has more than five O’s and 
fewer than five 2’s a month Thus charactensation from a single station does 
not lend itself to the selection of a fixed number of days of a particular class. 

In SMi, dealing with the years 1890-1900, 1 considered only the five most 
disturbed days of the month, and took the amplitude of the horuontal force 
range as the cntenon of disturbance in their selection. Treated in this way 
the yeais 1890-1900, as a whole, showed the 27>day period as unmistakably 
as did the years 1906-1911 dealt with m SM*. I felt, however, at tiie time 
that the hybrid nature of the method — te the selec^mi of the days hy 
reference to the honsontal force range, but the measurement of tiie 
disturbance by reference to the " character ” figure— might arouse critioiam, 
and jiartly for that reason, partly for my own satisfisetion, I considered for 
two years, 1894 and 1896, the result of taking the range of H as itself the 
measure of the disturbance I found that in 1896 the fiT'day period was 
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“as unmistakable in the range as in the character figures/’ but “m 1894 
the character figures and the range figures both show not a peak at day 
n+27 or n + 28 being the representative selected disturbed day), but a 
high plateau from about day n+25 to day n+34 The range figures, in 
fact, would seem to favour a Schmidt or 30-day period.”* The substitation 
of range figures for “character” figures added largely to the anthmetioal 
labour, and I did not prosecute the enquny further It seemed, however, 
desirable to undertake this labour now, to see whether the method was likely 
to prove a satisfactory one for dealing with years prior to 1890 
§ 2 Daily ranges at Kew for D (dechnation), H (honzontal force), and 
V (vertical force) being now at my disposal, it seemed desirable to obtain 
results from all three elements, so as to compare their relative advantages 
for the object m view The five days of largest daily range were taken as 
the five most disturbed days, the D, H, or V range serving as the cntenon 
of selection according to the element which was being used as the measure 
of magnetic disturbance The five days a month which the Astronomer 
Soyal had selected as representative quiet days were accepted as the five 
quietest days The latter choice, I dare say, might be improved on for 
purposes such as the present The desirabihty of securing that the mean 
time represented by the selected quiet days should fall near the middle of 
the month exerted, I believe, some influence on the Greenwich choice 
In a good many oases the selected days are obviously not the quietest of the 
month, and if one oared to spend a lot of time, a choice somewhat supenor 
for the present purpose could doubtless be made But the Astronomer 
Boyal’s days have at least the great advantage of being free from any 
suspicion of bias A choice of quiet days based on the diurnal range alone 
has several disadvantages The differences amongst the ranges of the 10 or 
16 quietest days of the month are usually not large In many cases there 
would be several ties amongst the days oompetiug for the choice, and the 
difbrence in range between days selected and days not selected would 
frequently be of the same order as the probable error of measurement 
This IB especially true of H and V, where temperature corrections are 
usually necessary to the measured curve ordinates No continuous record 
of temperature in the magnetograph room had been obtained at Kew until 
1894 Temperature oorreotiona to the ranges were Aus impossible for the 
earlier yean, and under these circumstances it appeared best to omit such 
eorreotiODB entirely. The uncertainty arising from the absence of a tempera- 
ture correction to Kew H ranges is trifling, but this is unfortunately by no 
means true of V A choice of the five quietest days of the month based on 

* Loe, eit., p. 104. 
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the ranges, especially V ranges, ’wdalcjl be an uncertain one, especially at 
seasons when the magnetograph room temperature is altering most rapidly. 
The absence of a temperature correction is seldom senous in the choice of 
the five most disturbed days of the month, because the ranges on the most 
disturbed days usually stand conspicuous above the others Still the fact 
remains that a few even of the Astronomer Royal’s quiet days figured 
amongst the five days of largest Y range, and their inclusion was more likely 
due to large temperature range than to real disturbance It is only proper 
to mention this, but it should at the same time be pointed out that irregular 
variations ore very rare in V as compared with H or D curves, and a quiet 
day has often a large regular diurnal variation 

§ 3 Owing to the necessity of reducing antiimetical computation to a 
mmimum, attention was confined to the ranges on days n— 1, n, a+1, 

A + 2, and a + 25 to a + 30 inclusive, n being a representative selected day, 
disturbed or quiet The five days a-~2 to n+2 served to show the nature of 
the preliminary “ pulse ” — whether representing excess above the normal on 
disturbed days or deficiency on quiet days — ^while the six days n+ 25 to n + 30 
represented the secondary pulse constituting the 27-day penod No days 
were selected for December, 1900, as the corresponding secondary pulse 
would have fallen in 1901 This left 131 months, and so 655 selected days 
of either type, or 1310 m all Consequently, the total entnes of daily 
ranges m the 11 columns numbered 14,410 for each element The D ranges 
were measured directly in minutes of arc to 0 1', but the ^ and Y ranges m 
millimetres, going in each case to 0 1 mm In the migonty of cases, in the 
H and Y curves, 1 mm represented 5 <y throughout the entire prear, but m 
some oases changes of the order of 2 per cent or more occurred m the 
course of 12 months For the purposes of the present enquiry, it was 
unnecessary to take account of emaU vanations, moapable of affecting 
sensibly the relative values of the means derived from the successive 
columns of figures, thus the readings taken in millimetres were usually not 
converted individually into force, but were treated as if the equivalent of 
1 mm. were always the same In the first instance, each year was con- 
sidered separately, and the selected disturbed and quiet days ludependentiy. 
The sum of the ranges from the 60 selected days (55 m 1900) appearing m 
each column was formed, and expressed as a percentage of tiie mean range 
from all days of the year multiplied by 60 (m 1900 by 55) Tables 1, II, 
and III give the percentage figures thus obtained for D, H, and Y 
separately Table lY shows the anthmetao mean of tiie D, H. and V 
percentages. The percentages were all calculated to 0*1, but &e lost figum 
has been omitted, except in the final means. 
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Table II. — Eanges. Percentage of Mean Abaolute Daily Bange. 
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Wire days of largeit H range and aaaooiated daje | 

«-8 

*-i { 

n 

»+l 

M4-2 ! 

1 

a + 26. 

a+26 

•+27 

11 + 28 

« + 29 

a + 30 
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118 

168 

no 

107 

107 

107 

116 

117 

106 

109 

1891 

104 

128 

181 

180 

114 

95 

104 

104 

111 

107 

110 

1892 

112 

166 

228 

168 

100 

1 08 

108 

122 

106 

100 

100 

1898 

96 

123 

170 

128 

108 

1 101 

101 

116 

114 

110 

104 

1894 

116 

163 

216 

144 

110 

108 

107 

104 

106 

112 

124 

1B06 


138 

171 

124 

109 

! 109 

116 

129 

120 

116 

106 

1896 

113 

laa 

188 

146 

120 

i 

116 

124 

183 

128 

106 

1897 

97 

122 

172 

126 

108 

06 

106 

117 

109 

101 

102 

1898 

118 

156 

109 

181 

117 

104 

120 

124 

129 

129 

114 

1899 

118 

188 

180 

129 

118 

106 

110 

182 
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118 

108 

1900 . 

99 

116 

172 

111 

108 

1 96 

1 
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108 

101 

98 

. 

104 

ICeftn 

107 9 

186*6 
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100 8 
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110-7 
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74 
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06 

89 

67 

89 

mm 

94 
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96 

84 

72 

69 

91 

97 

96 

06 

86 
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98 

74 

61 

86 

86 

04 
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90 

89 

86 
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98 


72 

92 

90 

90 

88 

96 
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09 

97 

1894 

76 

76 

64 

98 
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98 

89 

96 

91 

82 
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87 

68 

66 


80 

87 

88 

99 
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1896 

87 

78 

62 

86 

06 

68 

68 

78 

77 

88 

96 

1887 . 1 

94 

85 

67 

88 

92 

98 

81 

86 

88 

98 

108 

1898 

89 

71 

60 

78 


06 

87 

76 

78 

88 

98 

1899 

87 

76 

62 

84 


89 

86 

87 

90 

94 
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1900 

95 

88 

79 

97 

111 

97 

08 
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94 

97 
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67 2 

87-9 


98 2 
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Table III — V Banges Percentage of Mean Absolute Daily Bange 
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Table IV — ^D, H and V Banges Means of Percentages from Tables I, II and III. 
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1890 

99 
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1891 

107 

133 

187 

133 

116 

09 

110 

118 

120 

110 

109 

1892 

102 

169 

286 

163 

106 

90 

94 

116 
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98 

96 

1893 

99 

121 

176 

126 
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98 
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118 
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105 
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1894 
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280 
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94 
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me 
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182 
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176 
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112 

180 
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115 
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1896 

110 
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121 

112 
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123 
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105 
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92 
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98 

97 
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112 

109 
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104 
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U8 
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113 
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180 
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97 
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167 
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189 7 
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108 3 
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150-0 
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86 
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80 
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87 
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94 

84 
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80 

89 

89 
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1898 

87 

77 

66 

77 
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96 

87 

76 

78 

85 
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86 

78 

69 

89 


87 

85 

88 

92 

94 
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96 

86 

83 

96 
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06 

98 
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97 

06 
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Mean 
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103 8 

r 
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80 9 
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The last two lines in Table IV give, for pnipoies of ocnnpanson, oorre* 
spending percentages based respectively on the ''character” figures asaigneil 
at Kew for the years 1890-1900 and the mteniational character fignrea 
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oaloulated at De Bilt for the years 1906-1911 No qiuet and aesociated 
day data existed for the earhei penod 

Consideriog first the range results from the years 1890-1900, it is seen 
that the general nature of the conclusions derived from the D, H, and 
V ranges is the same All show the 27-day penod distinctly, in the case 
alike of the disturbed and the quiet days It is not quite clear what is a 
fair basis for coinpanng the three elements On days n-f27 and n+28, 
n being the representative day of largest range, the percentage figures are 
decidedly higher for Y than for D, but the same is true of the representative 
days n themselves If we take the excess over 100 in the percentage figure 
in column n as a measure of th(> primary pulse, and the ooriespondmg excess 
in column n-}-27 or n-f-28 — ehichever is the laiger — as a measure of the 
secondary pulse, the ratio of the secondary to the piimary pulse has the 
values 0 158 for D, 0 207 foi H, and 0 150 for V The corresponding values 
of the ratios from the " character ” figures were decidedly larger, being 0 299 
for the years 1890-1900 and 0 262 for the yeais 1906-1911 
§ 4 In Table IV, 1900 is the only jear in which the percentages for 
days 27 and 28 subsequent to the representative disturbed day &11 below 
100 This year was veiy quiet, and the difference between the average 
selected disturbed and the normal day unusually small Also a marked 
decline took place in disturbance throughout the year Thus the range of 
the second of two days separated by 27 days tended to be slightly the 
smaller, irrespective of whether the first was a selected distoibed day or not 
In Table IV, except in 1900 and 1894, the largest percentage in the days 
included in the secondary pulse following the selected disturbed days occurs 
either in column n+27 or column m+28 But m 1894 much the laigest 
percentage appears in column m+30 This is true of all the elements, 
especially V, the average lange for that element on day n + 30 being 
actually 55 per cent above that of the normal day That the average 
range from 60 days selected on a principle which takes account only of 
what happened 30 days earlier should exceed the normal by 55 per cent 
appears, at least at first sight, a phenomenon impossible to attnhute to 
chance. It seemed desirable to look mto this more closely, as it suggested 
that in 1894 — a highly disturbed year — the penod of 30 days which 
Prof Ad. Schmidt has observed in specially large storms was abnormally 
developed The first question was whether the specially large disturbances 
of V followed one another at 30 days’ interval 
In the whole 11 years there were only 18 days on which the Y range 
exceeded 800 y, and 8 of these occurred in 1894 Entering the ranges from 
these eight days in the order of their magnitude m the column headed », 
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and distingmshmg by heavy type ranges from aeleoted dutnrbed days, the 
facta are as presented m Table V 


Table V — Apparent 30-day Period in 1894. V Bangea (Unit 1 7 ) 


«-31 

m-80 

n 

fi + 30 

m + 81 

07 

25 

686 

41 

508 

686 

889 

608 

188 

184 

16 

61 

488 

40 

26 

34 

19 

410 

26 

27 

880 


868 

88 

81 

68 

46 

806 

29 

67 

68 

68 

804 

61 

29 

84 

886 

808 

46 

68 


The largest range of all, 638 7 , was followed 31 days later by the second 
largest range, 508 7 , bat this was the only case in which two of these 
specially large disturbances showed a 30- or 31-day sequence The 
phenomenon does not seem to be explained by Schmidt’s penod, but to be 
due to the “ accident ” that the day 30 days earher than a day of specially 
large V range was in six cases out of eight a selected disturbed day. In 
four of these six oases, the first disturbance was quite trifling Even in 
1894 the normal V range was only 467 , so that the incidence m column 
fi<f30 of Table III of the six days specified above, having an aggregate 
range of 2211 7 , produced an enormous effect It may be added that 
column n-l-27 of Table III mcluded only one of the above eight days of 
largest V range. 

The fact that the lowest percentage in 1894 in the secondary pulse 
associated with the selected quiet days occurs in column »-(-30 of Table III 
is also remarkable 

Another outstanding result is the oocurrence, m 1892, of 113 and 107 in 
column n-f 27 of Tables III and lY respectively, » being m this case the 
representative quiet day 

In 1892 there were 28 occasions when the Y range exceeded 100 7 , and of 
these no less t bun 9 occurred 27 days after one of the Astronomer Behai’s 
qmet days If the data under review had been confined to 1892 and 1894— 
the two most disturbed of the 11 years — ^it is difficult to say what conduaions 
might not have been drawn Without investigating the records from 
similarly disturbed earlier years, we do not know what significance to attach 
to this 

§ 5 It has been already remarked that a gradual decline in disturiianoe, 
such as distinguished 1900, naturally reduces tin amplitude of the secondai^ 
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pulse of disturbanog. An analogous effeot follows from the ordmary 
seasonal change in the daily range If we express all ranges in terms of 
the mean daily range from the whole year, the consequence is to reduce 
the apparent amplitude of the secondary disturbance pulse in the beginning 
of winter, when the daily range is falling, and to correspondingly enhance 
it in the end of winter, when the range is rising This defect could be 
reduced, though not wholly removed, by expressing all ranges as percenters 
of the normal range for the pai ticular iriontli m which they occur This may 
be necessary for an exhaustive enquiry as to how the 27-day |)eriod vanes 
throughout the year It would entail, of course, much extra labour The 
same object may, however, bo attained fairly satisfactorily in a simpler way, 
by taking the difference between the pulses associated respectively with 
disturbed and with quiet days Any common tendency, whether to enhanced 
or diminished daily range, is then largely eliminated Table VI gives 
percentage diflerences obtained in this way for the several ranges and 
** character” figures It is confined in each case to the whole penod dealt 
with, but corresponding results for the ranges in individual years can be 
deduced from Tables I-IV 


Table VL — Excess of Percentages from 5 Highly Disturbed and Associated Days over 
I^ercentages from 5 Selected Quiet and Associated Days 



a-2 

a-1 1 n 

1 

a + 1 

»4>2 

!a-f25 

a + 26 

I.+27 

a + 28 

a + 29 

a + 80 

1890-1900— 

DnotgM 

6 7 

89 7 

102 2 

82 7 

1-6 

1 

' 5 0 

17 3 

20 0 

18 4 

11 3 

74 

H „ 

16-0 

55 S 

ns 2 

42 8 

9 4 

1 9-0 

21 4 1 

1 29 2 

25 1 

15 6 

8 0 

V 

10 4 

66-0 

188-9 

44 7 

0 8 

1 5 8 

19 5 1 

26 7 

21 4 

10 7 

8*6 

Masn D, H, and Y rangei 

12 4 

58 9 

120*0 

40 1 

8 9 

6 7 

18 2 1 

26 8 

21 6 

12 6 

8 8 

1S06-19U— 

International ** character*' 

1 

18 8 

91 6 

180-6 

02 8 

15 0 

9 3 

1 

88 9 

53 2 

40 9 

10 6 

6 5 


In Table VI the figure in column »+27 is always substantially greater 
tiian that in column 91 + 26, and the figure lu column n+28 always exceeds 
that m column n + 26. This suggests, of course, as dominant a penod m 
excess of 27 days, but considerably nearer 27 days than 28. The data, 
however, m Tables 1 -IV for the days associated with the selected quiet 
days suggest a penod somewhat nearer 26 than 27 days, while the 11-year 
mean data from days associated with disturbed days in Table 1 Biggest a 
imiod slightly in excess of 27^day8« This is distiuotly suggestive of a possi- 
bility, pointed to by some results in SMa> that the period tends to lengthen as 
the standard of disturbance represented in the pnmary pulse is inoieosed 
§ 6 . If five days were selected by lot from each month, the expectation that 
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the 27th day before (or after) one "of these days woti]fl be itself a aeleoted 
day would be roughly 60/365, %,e the event would happen m about 16} per 
cent of the days Taking the 655 selected days of one type from 10 years 
11 months, one would thus expect such a sequence on about 108 ocoaaona 
Table Vll shows how often selected days of specified types showed a 27<day 
sequence 


Table YII — 27-Day Sequences of Selected Days 


Firit day 


Disturbed 

Quiet 

Quiet 

Duturbed 

Second day 


Disturbed 

Quiet 

Disturbed, 

Quiet 

BUment 

B 

H 

B 

D, H, and V, 
mean 


H 

H 

Tear 

1890 

10 

n 

12 

13 

12 

8 


1891 

15 

B£l 

16 

16 

14 

7 


1892 i 

11 

■a 

12 

12 

11 

' 12 


1693 

11 

20 

16 

16 

> 16 

1 10 


1694 

14 

16 

18 

14 

18 



1895 

16 

19 

22 

19 

14 



1696 

26 

22 

22 

28 

21 



1897 

16 

14 

14 

16 

1 W 



1898 

10 

19 


19 

1 



1899 

16 

19 

16 

17 

14 

6 


1900 

12 

16 

7 

• 12 

9 

7 

9 

Total 

1 

164 j 

1 

186 

169 

178 

168 

67 

72 


The sequence of a disturbed day by a disturbed day, it will be seen, was 
decidedly more frequent for H than for D or Y Also, whichever of the 
three elements one takes, the sequence of a disturbed day by a disturbed day 
was more frequent than the sequence of a quiet day by a quiet day This is 
what we should expect on any hypothesis, because the selected disturbed days 
were more outstanding as representatives of disturbance than were the 
Astronomer Boyal’s days as representatives of qmet conditions Bven for the 
qiuet days the sequences were more numerous by 40 per cent than they 
would have been according to pure chance ; 1896 showed an outstandingly 
large number of sequences, whether of disturbed days by disturbed days, ot 
quiet days by quiet days. 

The oases in which a selected quiet day was followed by a selected 
disturbed* day were, on the whole, decidedly fewer than those in whkdi the 
converse phenomenon occurred. The remarkable prevalenoe, however, of the 
former phenomenon in 1892 has been already remarked on. 




















595 


The 27 -Day Penod in Magnetic Phenomena. 

The niunber of 28-da7Bequenoes of dutorbed daysmB alao mvestigated for 
the H ranges Taking the years m chronologioal order the numbers were 
respectively 17, 12, 8, 11, 16, 16, 20, 11, 22, 14, 15 

The total 162 is less by 24 than lor the corresponding 27-day sequence 
1898 showed the largest number of 28-day sequences, and 1892 the fewest. 

§ 7 Taking the H disturbances, it was investigated how far sequences of 
27 days could be traced The results were as follows — 


Baquenoe of 27 dftjs 

/ 1 2 dayii 
\ 1 or mora 

8 dajfi 1 4 days 
or more | or more 

1 

6 days 
or more 

6 days 
or more 

7 days 
or more 

6 dayg 

Kumber of ouea 

1 

' 186 

82 

a 

17 

7 

2 

1 

1 


The 32 cases are included in the 186, the 17 in the 32, and so on Thus in 
the 32 cases where there were three or more sequences the second of the two 
days was at once the second day of one seiiueuce of two, and the first day of 
another sequence of two The longest sequence, coveting 7 x 27 or 189 days, 
began on December 10, 1895, and ended on June 16, 1896 The next longest 
extended from December 20, 1897, to May 4, 1898 
Several things have to be borne in mind when dealing with apparent 
sequences If a disturbance were a sharply marked incident of short duration 
and if Its recurrence period, if it recurred at all, were 27 +/days, where /is 
a definite fraction of 24 hours, then the number of apparent recurrences 
obtained as above could not exceed r = (24— N)//, where N is the hour of the 
first occurrence There might be more than r recurrences, but the (r-i-l)tb 
would fall on the 28th day not the 27th after the rth. The number of 
apparent 27-day recurrences could not exceed 24//, and a limit might thus be 
found for/ For mstance, if we accepted 7 as the maximum possible 
number of recurrences, the limiting value of / would be 3f hours. A 
disturbance, however, is not a shaply marked incident, and disturbed conditions 
ere often shared by two or more oonseoutive days 
Also the chances against an apparent sequence being a real one would 
seem to be not moonsiderable, in view of the fact that about 9 per cent 
even of the Astronomer Boyal’s quiet days bad for the 27th day idiereafter 
a seleeted disturbed day This, of coutee, tends to emphasixe the deeuability 
of findmg some criterion for disoriminsting between true and apparent 
sequences. 

{8. The first thing one naturally looks to when in quest of a criterion is 
&e lelative sise of disturbances forming an i^parent sequence, A sunspots fOr 
instance, often develops very rapidly, but is seldom large for more than mie 

wu xOs— »Ai 2 V 
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Bolar revolution An investigation was thua made into the amplitudea of the 
186 H ranges which showed a 27-day sequence. 

Table VIII shows the average size ot the ranges on the first cuid second 
ocouirenoes, and for comparison the average size of the range from all the 
selected disturbed days of the year It also gives the number of times when 
the first range of the sequence exceeded the second or fell short of it. It should 
tie remembered that the 186 oases included 32 m which the sequence extended 
to three or more days, and in these oases at least the second member of the 
sequence figured as the second day of one sequence and the first of another 
The ranges are given as measured in millimetres. The value of 1 mm was 
usually 5 0 Y, but m some years it departed from this by 1 or 2 per cent 


Table VIII — H Kanges forming Sequences of Two 



Banges in mm (1 mm 67 approx ) 

Number of occasions when 

Year 

AvoraM 
dutnrbea day 

First day 
of sequence 

Second day 
of sequence 

First range 
the larger 

Second range 
the la^er 

1800 

14 *6 

10*6 

16 4 

9 

7 

1891 

22*0 

18 4 

18 4 

7 

6 

1892 

88 3 

47 "0 

47 8 

7 

6 

1808 

28 4 

22 0 

22 0 

9 

10 

1894 

84 3 

29 6 

26-0 

10 

6 

1896 

22 8 

26 7 

24 1 

10 

9 

1896 

28*6 

24 1 

22 0 

12 

10 

1697 

17 6 

18 6 

18 7 

8 

6 

1898 

21 9 

21 8 

21 6 

10 

9 

1899 

17 6 

18 7 

17 7 

9 

9 

1900 

18 2 

14*6 

12*9 

8 

8 

Totals orl 
moans / 

22 <7 

28 4 

22 6 

99 

85 


On two occasions, the first in 1893, second in 1898, the ranges were 
equal 

It will be seen that in most individual years the range on the first day of 
a sequence was more often than not the larger, and on the average from 
the 11 years the first day's range was some 4 per cent. In excess of the 
second day’a But in 1890, 1891, 1892, 1893, 1897, and 1898 the difibrenoe 
between the mean ranges from the first and second days of a sequence was 
almost miorosoopus 

§ 9 The oases of three or more sequences led to tiie results given in 
Table IZ. The ranges in this oase are given in miUimetres, and in forming 
the means the value of 1 mm, was treated as invanahle, whioh was not 
always strictly the casa 
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Table IX. — H Itanges (m mm ) in Days forming Sequencee of Disturbanoes. 



Firat 

day 

Second 

day 

Tturd 

day 

Fourth 

day 

Fifth 

day 

Sixth 

day 

Seventh 

day 

Kighth 

82 loqnenee* of 3 doTa 

22 1 

20 6 

24 1 






81 „ 8 

ri 

22 8 

20 6 

20 8 






17 „ 4 


22 9 

21 6 

27 7 

22 0 





16 „ 4 

ij 

28 4 

21 6 

20 6 

19 7 





7 M 6 

11 

26 2 

22 4 

21 0 

22 6 

21 9 




e „ 6 

*1 

18 9 

21 6 

20 2 

22 6 

20 7 




X M 6 


80 9 

17-0 

19 1 

28 9 

20 9 

22 8 



1 „ 6 

V 

1 16 1 

21 1 

27 6 

22 2 

1 26*0 

17 4 

ae 6 

22 2 


Two sets of results are given for the sequences of three, four, and five 
days, because the means denved from the full number of cases, whether 
32, 17, or 7, were largely influenced by one outstanding day. February IS, 
1892, the most disturbed day of the whole 11 years, figured as the third 
day of a sequence of four, the ranges of which m millimetres ran as 
follows . — 

154 207 1440 595 

The run of the ranges suggests that the connection of the 144 mm range 
with those preceding it may well have been accidental, and m any case the 
omission of this outstanding occasion from the three- and four-day sequences 
seemed likely to lead to a more representative result than its molusion 
Omitting this day, there does seem a tendency to reduction in the range 
of the later members of the three- and four-day sequences, but it is very 
slight. 

The five-day sequence omitted m forming the third last Ime of Table IX 
began with a range of 63 3 mm , which was much the largest found on the 
first day of any of the sequences, the next m size bemg only 429 mm. 
These two ranges occurred on successive days, forming two of a remarkable 
suooession of highly duturbed days, February 21-25, 1894 The ranges in 
millimetres on these five days and on snooessive groups of five days separated 
by 27-day mtervals were as follows • — 



Monthly 

inean^ 

Febrauy 21 to 25 

86*7 

80*6 

68 8 

48 0 

67 7 

19*8 

Mawh 20 24 

11 1 

14 6 

87*7 

80 0 

18 4 

15 4 

Aniil 16 „ 20 


88*6 

86*8 

80*4 

16*6 

16 6 

Sv 18 „ 17 

17 -0 

88 8 

88*8 

80 9 

14*2 

16*2 

Jane 9 „ 18 

87*9 

48*1 

88*8 

10*9 

16*6 

16 6 

6 „ 10 

14*0 

18*8 

17*6 

90*8 

18 4 

90*9 


2 V 2 
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The meas range from all daye df i^h month u Bhown for omnpwruon 
Heavy type indicates a day which quahfied as a disturbed day. Febroaiy 22 
would have qualified m any but an exceptionally disturbed month If 
March had been as disturbed a month as February there would have been 
no apparent sequence at all. If, as seems on the whole most probable, the 
above represents four recurrences of a single disturbuioe, the changes in 
duration and mtensity that took place between the first and second 
occurrences were on a different scale from those that took place between 
the subsequent occurrences. A parallel, however, to the changes between 
the first and second occurrences is afforded by the completeness of the 
disappearance after the fifth occurrence 
Another complex case is that presented by the long apparent sequence of 
eight disturbed days in 1895 to 1896, and the eight days immediately 
previous to them. The ranges, in milhmetres, on these eight pairs of days 
were as follows, heavy type indicating that the day in question qualified as a 
disturbed day — 


1 

Dec 

9 

Jan 

6 

Feb 

1 

Feb 

28 

Mar 

26 


Maj 

10 

June 

15 

1 

10 

6 

2 

29 

27 

22 

20 

16 

Him 1 



19 2 

16 0 

16*5 

88 e 

28 8 

27 0 

21 4 

11 0 

16 1 

21 1 

27 6 

22 *2 

25 *0 

17 4 

26 8 

22*2 


All the 16 ranges in the two hues were decidedly above the normal for 
their respective months, except 11 0 mm. on June 15. Gnius the fact that 
the days in the second hne show an unbroken sequence of ei^^t disturbed 
days, while the longest sequence of disturbed days in the first line is only 
three, may be purely an accidental cobsequence of our restnctmg Uie 
selected disturbed days to five a month. Three ranges in the first line 
which did not quahfy all exceed the first range in the second line which 
did. The successive pairs of days may well have reftfesented repeUticns 
of one and the same disturbance. If they did, then it probably presented 
at least 10 sequences, for November 12, 1896 — t.a the 27tii day before 
December 9 — quahfied with a range of 26*1, and July 12, 1896 — «.a the 27tk 
day after June 15 — also quahfied with a range of 23 4. On this view tiie 
climax would seem to have occurred on February 26, after Uiree if net four 
previous appearances. 

An analogous, though somewhat different, cose is represented by tiie 
following pairs of days, extending from October 27, 1897, to May 6, 
1898 — 
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f 

Ooi 

Nov 

Dee 

Data* 

27 

28 

20 

1 

28 

1 

24 

21 

1 

JUngesinmin ^ 

1 

7-0 

16 8 

mm 



Jan 

16 

Feb 

12 

Mar 

11 


U%7 

4 

17 

IS 

12 

8 

6 

17 0 

19 1 

as e 

ao a 

88 8 

80 8 

1 


16 0 

10*1 

16 7 


As before, heavy type indicates that the day in question was a selected 
disturbed day The last six entries in the first line represent a sequence of 
SIX disturbed days, commencing on December 20. November 23, the 27th 
day prior to this commencement, was a selected quiet day, and had the 
smallest range of any of the quiet days of the month Thus regarding the 
first line of figures alone, we would accept December 20 unhesitatingly as 
the first of tlie sequence But while November 23 and October 27 did not 
quahfy as disturbed days, the following did — October 29 with 18 7, 
October 2 with 19 6, and September 6 witli 17 8 , also November 26 had a 
range 10 1, considerably above the average Thus October 28 and 29, 
November 24 and 25, and December 20 and 21 may represent sequences of 
a disturbance which originated at least as far back as September 3, but 
which had a recurrence period averagmg a little under 27 days On this 
view there may have been a repetition of the disturbance later than those 
shown, for May 30 qualified with 34 2 It is thus by no means improbable 
that there was in reality a sequence of 11, extending fiom September 6,1897, 
to May 30, 1898. 

The above examples will show the difficulty of saying which disturbanoes 
form sequences and which do not. If instead of 6 we had taken 10 disturbed 
days a month, or had adopted some ontenon which allowed a vanable 
number averagmg more than five, we should have found the difficulty 
greater. Unless we can recognise some common trait m disturbances 
arising Aram what we may regard as a common ancestor, or obtam guidance 
ftom some alhed branch of science, we shall probably find general statistioal 
methods such as those adopted in tlie first part of the paper the safest 
to follow 

The expense of measurmg the daily ranges employed in this mvestigation 
WM deftayed by a grant from the Government Grant Committee. 
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The Growth of MetcUhc Eutectics. 

By F E £ Lamflouoq, , and J. T Scott, B A 

(Communicated by C T Heycock, F B S Beoeived June 6, — Bead 
June 25, 1914 ) 

[Plats 0] 

Besearoh on this subject originated in an attempt to discover in what way 
the structure of certain alloys is affected by undercooling at the first moment 
of solidification of the eutectic. 

The formation around the primary crystals of an alloy of what may be 
called a halo or envelope of the second constituent, separating the pnmary 
crystals from the banded eutectic, has been considered by some workers to be 
the result of such superfusion. It has, however, been suggested by Desch 
that this effect is due to segregation of the eutectic in the immediate neigh- 
bourhood of the primary durmg sohdification At the same time it was 
suggested by him that, by preventing undercooling by means of inoculation, 
tlie influence of this phenomenon on the formation of such envelopes might 
be investigated. 

The research at first followed two Imes of investigation. Experiments 
were earned out to determine whether m different alloys the formation of 
such envelopes is always accompanied by appreciable undercoohng and 
conversely. Farther, examination was made of the effect of the prevention 
of BuperfoBion by vibration or shaking and by moculation with the secondary 
constituent 

In the investigation it was necessary to measure the temperature of the 
alloys by a method such that a rapid change of temperature was veiy quickly 
indicated by the thermometer, and further, that the mass of metal should be 
as nearly as possible of uniform temperature 

These conditions could only be realised by making the mass ci the metal 
very small, the heat capacity of the thermometer inoonsiderable and the 
conduction of heat from metal to thermometer as rapid as possible 

The alloys were investigated when possible m small test-tubes, 3"x4•'^ 
which contained some 6 grm of the metal For temperatures below 600” 0., 
copper-constantan thermo-couples were used, the two wires being fused 
together at the junction or brazed with silver soldmc. In sudi cases the 
thermo-couple was lightly smeared with a thin paste of " Putimaohos ” oement 
and water, which after drying contammated the surface so tiiat the wires did 
not alloy with the molten metal The couple was very sensitive to raidd 
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ohangen of temperature of the metal, foi the thin coveniig at the jonction 
offered extremely little resistance to conduction of heat. 

The moving coil of the galvanometer was provided with bifilar snspentaon 
to give a very short period of vibration, and expenmente with pure metals, 
such as tin, showed that after considerable superfosion the temperature 
indicated by tlie instrument rose almost instantaneously at the first moment 
of solidification to a maximum value which remamed constant durmg freezing. 
The temperature-time curves of the cooling alloys were recorded on a ground 
glass screen which moved vertically with uniform speed, whilst temperature 
was measured by the horizontal movement across the screen of a spot of light 
reflected from the galvanometer. 

The tubes containing the metal were allowed to cool in an enclosure heated 
to a constant temperature, so that the rate of ooohng and time of eutectic 
arrest could be readily varied as desired This enclosure consisted of a solid 
copper cylinder which was bored with holes of suitable size, one to hold the 
tube, wrapped with asbestos paper, the other to accommodate a mercury 
thermometer or thermo-couple The cylinder was wrapped with asbestos 
cloth and nichrome electrical heating coil, and was embedded in magnesia, 
the temperature bemg controlled to a small fraction of a degree by an 
arrangement devised by one of us.* 

Investigations at temperatures above 400* C were earned out in a small 
resistance furnace similar to that desenbed, ' Proc Camb PhiL Soc,’ 1911, 
p 175, the temperature measurements above 700* C being made with Pt, Pt-Bh 
couples protected by a silica tube, drawn out at the closed end so as just to 
accommodate the couple wires This alteration in the protection of the 
thermo-couple caused a considerable loss m the accuracy with which a rapid 
temperature change could be followed, but the arrangement was amply 
sufficient as a guide in “ quenchmg ” experiments 

The research originated in observation of the considerable under-oooling 
at the first moment of solidification of eutectic which occurs when lead is 
the pnmary constituent in lead-tin alloys, attention was then turned to 
alloys of cadmium and tin m which pnmaiy crystals of cadmium are 
surrounded by very well marked envelopes. Investigaticms were later 
extended to many other pairs of metals 

Attempts to connect the formation of these envelopes with the under- 
oooting of the alloys met with no success, for it was shown that suoh under- 
oocding was almost always produced when care was taken to prevent surface 
oxidation, and that whilst in some oases considerable superfosion existed 
witlura^ the formation of such structures, in others marked halos were 
* To be deeonbed shortly to the Chenuosl Sooioty. 
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accompanied by slight superfusion 'only. Moreover, when eaperfurion at 
the moment of eutectic formation was prevented either by inoculation or by 
shaking, the formation of the envelope was m no way affected 

If such halos were produced at the first stage of eutectic growth, then 
the euteotio must have begun to grow from the primary crystals as nuclei 
It was therefore determined to ascertam, by quenohmg at an early stage of 
eutectic formation, whether or not this was the case. For this purpose a 
coohng curve of a given alloy was taken to determine on the recorder the 
exact temperature of the eutectic arrest, and its total duration , on repeating 
the experiment after the solidification of any desired proportion of the 
eutectic, the tube was withdrawn and plunged in cold urater or melted 
paraffin wax 

This method of investigation at once showed in the case of the cadmium- 
tin system that the efitectic growth did not originate at the pnmary caduuum 
crystals, and that the halo was only present round those primary crystals 
which had become enveloped by the growmg euteotio Here the formation 
of the halo was certamly not connected with the sudden nse in temperature 
from undercooling at the first moment of formation of eutectic 

Other cases in which the halo had been observed were investigated m this 
way, and it was veiy clearly shown tliat also m the cases of Pb~Sn, Ag-Cu, 
and Zn-Al, the halo was produced when the eutectic growth approached 
very close to the pnmary crystal Tlie further solidification of the euteotio 
at this point consisted in the deposition of a layer upon the surface of the 
primary crystals of that constituent present as pnmaiy.tbe other constituent 
of the euteotio having solidified as an envelope surroundmg the primary. 

This method of mvestigation was at once recogmeed as giving valuable 
information on the character of the eutectic during growth, and reseatoh was 
prosecuted on these lines The formation of the eutectic dunng its growth 
was ascertained in the case of numerous pairs of components Smne of these 
results were brought before the Britidi Association, 1913, and a number of 
oases have since been investigated in which one oemstituent of the eutectic is 
an mtermetallio compound From these investigations it has been posnUe 
to classify eutectics according to their character. The gioater number of 
eutectics fall into two classes 

1. Those of spherical radiating growth. 

2 Those having well defined crystal contouis, showing in section a herring- 
bone structure. 

The eutectics of Sn-Pb, Sn-Od, Zn-<3d, Ag-Cu, ^-Al, Oa-Ou»P, fall into 
Class I In all these cases both the constituents a|qiear as primary oryrtalB 
of rounded form. In the Zn-^ system euteeric growth erig^tes at primary 
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crystals of Zn. in the Sn~Pb system possibly at crystals of Sn ; in other cases, 
neither constituent present as primary serves as nucleus for the euteofoo 
growth, the eutectic growth may he said to be " independent ” of both 
constituents. 

In each case of spherical eutectic growth an envelope, or halo, was found 
to surround one of the constituents present as primary 
A microphotograph of a Ag-Cu alloy oontaming copper crystallites as 
primary is shown in fig. 1. The alloy was quenched during the eutectic arrest 
and a spherical eutectic grain (the contour of whicli is necessarily slightly 
modified by the primary growth) is cleaily outlined The primary copper 
crystals are rounded, end, where surrounded by eutectic solid at the moment 
of quenclung, are enveloped with a continuous layer oi the silver constituent 
Among the second class of euteotios are those of Bi-Pb, Bi-Sn, Ag^b-Sb, 
Auo-AuSbj, MggPb-Mg, MgtSn-Mg, ZnSb-Sb, NaCdo-Cd, NaSnj-Sn 
This class of eutectic was observed only in those systems which contained 
a constituept which solidified with definite crystal contour when present as 
primary. Though in most systems the other constituent was of rounded 
form, in, no case was there segregation with production of an envelope 
surrounding a primary. In foot, such envelopes or halos have only been 
observed in conjunction with euteotios of Class I 
In some cases the eutectic was "independent'* of both primanes, in all 
other cases only those primaries of crystal shape were found to seive as 
nuclei or points of origin of the eutectic growth. In no system investigated 
during the research was the eutectic found to originate at the primary 
on both sides of the eutectic. 

Fig 2 illustrates crystal grains of the eutectic Au-AuSbs, quenched during 
growth 

Id a few systems, Bi>Cd, Cu|Sb-Sb, SnAu-Sn, the eutectic u of a third 
type, neither spherical nor crystalline in contour, but of irregular form, 
Bomewhat resembling in shape a tongue of flame, projecting into the etill 
molten mass In the oeses investigated these were associated with one 
oonstitoent oryetalhsing as laminm, and the enteotio growth very deflnitely 
originated at one of the primariee. 

Fig. 8 illnstrates an example of this type, in which the grains of Sb-CutSb 
eute^ are shown to originate at the plates of Ou^b, whilst fig 4 shows the 
growth of the same eutectlo to be independent of the pnmary crystals of Sb 
The authors have endeavoured to repeat Vogel'a experiment on the rapid 
cooling of a Zn-Cd alloy, but have failed to observe any each structure as is 
desonbed by him.* In most of the eysieme investigated rapid oooUng bad 
* ‘Zwti Auorg Ohem.,' voL 76, pp. 4S1-43S (1616). 
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xneiely the effect of dimimahing the scale of the eutectic struotnie. In a few 
oases, however, the rate of cooling exerdsed an influence on the natnieef 
the eutectic. This was particularly the case with bismnth-Un aUoys Wi^ 
slow cooling — a eutectic arrest of hal^an hour or more cm masses of 5 grab*** 
the eutectic solidified as separate particles of the two metals, apparmtly 
without any relation to each other More rapid cooling in air— wateetie 
arrest about one mmute — gave a very well defined orydalline contour to 
the eutectic grams. On quenching the parUy sohd entecUo m either caas^ 
throughout the very fine ground-mass were found to be distnbuted small 
crystals of bismuth and much-branched crystallites of tin, the latter 
resembhng the " quenched primary ” crystals often observed in quenching 
from the liquid state an alloy containmg excess of one consUtuent In this 
case tlie regions adjacent to the eutecUo grams were found to he devoid 
of these crystals Somewhat similar “ quenched pnmaiy ” crystals have been 
observed in the case of alloys of cadmium and aodimn, sum and antimony. 

The authors are about to investigate the viscosiiy of alloys, in order to 
determine whether this property is connected with the form of pnmaiy and 
eutectic growth, 

A more extended account of the above woric, with full micnqihotogimphs, 
will be presented at a later date. 
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Wme-^lengihs of Hydrogen Lines and Determination of the Series 

Constant. 

By W, E* Curtis, ABCS, DIC., BSo.F R.A S , Demonstrator of Astro- 
physics at the Imperial College of Soienoe, Soutli Kensington. 

(Communicated by A Fowler, FBS Keceired June 11, — Baud June 25, 1914 ) 

« 

IiUrodvetory 

The Balmer or nenes spectrum of hydrogen possesses a special interest 
and importance for several reasons In the first place hydrogen occupies a 
unique position among the elements, on account of its ohemieal properties 
and atomic weight. Secondly, the spectrum itself is notable as having been 
the first senes to be recognised and represented by a formula, by Balmer in 
1885 Many other series have since been found, but in no other case is the 
formula so simple m character or capable of representing the senes with 
such great accuracy, Since Balmer published his " law ” improved wave* 
lengths have been obtained by Ames, and the senes has been greatly 
extended (in the chromospheric spectrum) by Dyson, Kvershed, and Mitchell, 
but the formula remains completely saUefactory , that is to say, the observed 
and computed wave-lengths never differ by a greater amount than may 
teaatmably be attnbuted to experimental error 

From the above considerations it is clear that this spectrum cannot fail 
to ofibr a particularly attractive field for the work of the theoretical 
investigator who seeks to throw light on the meohamsin of radiation The 
problem in the case of the hydrogen senes is evidently reduced to its 
simplest terms, a satisfactory solution once obtained may, perhaps, be 
capable of extension to the series of other elements, for these senes can all 
be represented by generalisations of Balmer’s formula. 

It thus becomes desirable to determine the wave-lengths of the lines in 
question with the utmost possible exactness with a view to testing the 
formula and mskmg such modifications of it as may be found necessary. 
This was (me of the objects in view when the present research was undertaken. 
Another was the evaluation on the International system of wave-lengths 
ci the (Kmstant occurring in the formula, a number of considerable in^rt- 
ance, since, as was shown by Bydbe^, it may be used m all formnlta 
npresenting series of hnea Furthei, it was dedired to find what degree at 
aootoaoy could be attained with the mstmmmit available (a KMoot eoneave 
grating), nmng the new IntematUmal Mandards of wave-length. Finally, 
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the veiy frequent ooourrence of the rc^en hues in the speotxa of 'vaounm 
tubes renders a precise knowledge of their positions very useful, as a ohedi 
18 thereby afforded on the results for other lines in the speotnun. 

In oonnection with the first of 'the above objects, the testing of the 
formula, it may be pointed out that measurements of the first few lines of 
the aeries are, m all probability, all that are required For, supposing 
Balmer’s formula to be found insuflSciently exact, analogy with other senes 
would require that a formula of the Rydberg type be tried, vis, 

n = A- ; 

(»»4 fiy* 

Smoe lialmer’s law is such a very close approximation, ft must be very 
small and A very nearly equal to Now the effect of ft upon the 
wavelength, or dXjdft, vanes as and hence decreases very 

tapidlj in the direction of the hmit Thus, for example, the value of dxfdft 
18 64 times as great for H« as for It is evident then that if the value 
of ft 18 in question the data are to be obtamed from the first few lines tA 
the series, so that the above-mentioned results of Dyson, Evershed, and 
Mitchell, although capable of furnishing a fairly good value for N, are in 
this particular oonnection very little advance on those of Amea 

A summary of the wave-lengths hitherto determmed is given in Table V 
below. It will be seen that the deviations of the observed values ftom 
those computed amount at times to as much as 006 X.U.,ao that there 
seemed to be room for a substantial increase of accuracy. Exactly what 
degree of precision was attainable by the means employed in the present 
investigation was not known when the work was commenced — certainly not 
more than 0 001 k,JJ It is thought that this limit has very nearly been 
reached, at any rate in the case of the fonr lines y, S, e, and ( 

CondUiotu of Bepm/mwA. 

The source of light throughout was a hydrogen vacuum tube (of the 
ordinary Pificker form) excited by means of a 12-iooh coH. A motor Ittesk 
was used in conjunction with the latter, and the pnmary current woe nenaUy 
between 2 and 4 ampbres. The capillary portiona of the variotu tnhei ranged 
between 01 end 8 mm. in bore, and the preaetaes employed were from | to 
6 mm A nnmber of experiments were made ttith a view to*detinnining the 
most suitable conditions for the purpose. ^ condensed dlseherge wie ont 
of the question, for although it gives a veiy pure senea apeotrum, aitppre aa teg 
the aeoondaty (W oomponnd Une i^eotrom, the linea are mndii too farmed far 
aoeuiate medennament except at very low pteasume, tihen the hunined^ 
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beoomeB very feeble With the unoondensed duchatge • bright aenes 
tpeotrum is obtainable from the oapilkty, but the seeoiidary speo^m u also 
present. The relative bnghtness of the latter can be diminished bj inoreaatng 
the current density — ^most conveniently effected by uaing a narrower capillary 
—but It 18 not practicable to carry this process beyond a certain limits owing 
to the broademng of the lines whioh.re 8 ult 8 This broadening effect increases 
with the order of the line, so that for the higher members of the senes it was 
impossible to use such a high current density as was practicable for Ha. In 
the latter case the tube could be made so brilliant that an exposure of 
one minute was sufficient, whereas m order to obtain the sixth member, 

BIX hours was the minimum necessary, even when using the fisstest plate 
obtainable The light from the middle portion of the capillary was utilised, 
the observations being made perpendicular to its length Ames appears to 
have used an end*on form of tube, but tlus method is open to objection on 
account of the marked development of the secondary spectrum which always 
occurs at the ends of the capillary As this is associated with an actual 
diminution in the intensity of the Balmer series, the advantage of viewing 
the capillary axially is less than i^ight appear, when, as m the present case, 
the spectrum obtained is astigmatic, so that there is no advantage in conoen* 
trating the light into a small image, the method desonbed above is prefemble 
The hydrogen was prepared by electrolysis of a saturated solution of 
carefully purified banum hydroxide which was very kmdly supplied by 
Prof. H. B Baker, F.B S The spectrum of the gas so obtained showed no 
impurity except a slight trace of oxygen, which seemed to be derived bom 
water vapour, as it was not present when the gas had been passed over 
anhydrous phosphoric pentozide This was not done, however, as the 
intensity of the senes is greatly diminished thereby, and that of the secondary 
spectrum increased. Hydrogen which has been very thoroughly dned by 
standing over PiOs for some time gives a comparatively feeble Balmer series. 
It was also noticeable that the relative bnghtness of the senes lines tended 
to decrease after the discharge had been passing for some time With the 
heavier currents used this falling off was very appreciable in a quarter of an 
hem or so, and necessitated the refilling of the tube with fre^ hydrogmi. 
Tbs repetition of this process being rather troublesome dnnng long eipoeatas, 
ah apparatus was constructed by means of which a continuous flow of 
hyflroi^ could be maintained. The gas was passed from the generator into 
a naervoir having a capacity of about a litre and then into tiie vacuum tube 
Idnongh a length of very fine capillary tnldng. The other end of the veenum 
tnbe was eonneoted to the Qaede pump,^i^ was kept workuigaU the time, 
tixottgh a short piece of oapiUary tubing of medium bmn The afqpatatus 



608 Mr. W. E. Curtis. Wave-lengthi of Hydrogen 

proved veiy convenient, and enabled the brightness of the series lines to be 
maintained unaltered for as long as desired It was only necessary to 
recharge the reservoir once in several hoars, when the pressure in the 
discharge tube was getting rather too low. This method of working possesses 
another advantage, in that the flow of hydrogen quickly removes the carbon- 
aceous gases which are always given ofL when the discharge is first passed. 
After a few minutes’ running the Angstrom bands completely disappeared, and 
were not seen again 

Determnatwn of Wavo-lengths 

Tlie photographs were taken in the second and third orders of the 
lO'foot concave grating of the Soyal Coll^ of Science A descnption of 
the mounting, which is on the Littrow plan, has been given by Eagle* 
A variety of plates were used, according to the wave-length and intensity of 
the Ime to be photographed The following Table gives some details * — 


Table I. 


Idne 

Plate tuttalljr employed 

Average ozpoeure 

« 

0 

? 

• 

Wrattan Panehromafeto B • 

Imperial Ordmaiy 

Wratten Drop SUutter 
liumiftre Violet Label 

M >1 tt 

7 ninutM 
<0 .. 
so „ 

5 honn 
«1 » 


The iron arc used to give the oomparieon spectrum was about 6 mm long 
and earned a direct current of about 5 amperes, obtained from the 110-volt 
mams. The electrodes were about 1 om in diameter The li|^t from the 
whole of the arc was utilised, the eleotarodes only being screened off from 
the sht. 

The oomparieon shutter of the instrummit permits of the juxtaposition of 
three speotra. Aooordingly, the hydrogen speotrum was put in Idie middle, 
with iron ato oompansons overlapping above and below. One arc speotrum 
, was exposed before the hydrogen, and the other after The two wen 
measured and reduced separately, so that any shift of the plate or gratii^ 
durmg the exposures was immediately evidmit from the diacordenoe of the 
two results. When the exposures are long it is qmte neoessasy, as wffl be 
seen later, to have such a oheok on the stafaQi^ of the instrument. !nie 
Hilger nuorometer used tor the measurmneate had a somw of 1 mm. pitch 
and 160 mm in length. Its errors wers investigated and oozreotione iq^lied, 
hat these were so small as to be hardly appveoiable in tiie mgjonty of eeiee. 

* * Astrophja JoontV voL p, U0(l810). 
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Lines and Determinatton of the Seriea Constant. 

The scale of the spectrum is about 2 6 A.n per millimetre m the second 
order, and 1 7 A.U. per millimetre in the third order Over a range of not 
more than 15 A U ivave-lengths may be calculated from micrometer readings 
by means of a linear formula , if the range is greater than this, a correction, 
which IS approximalelj parabolic in form, must be applied For a range of 
100 A.U the correction at the centre is of the order of 01 A U , so that for 
this type of mounting it is particularly desirable to use standard hues as 
close together as possible The secondary International standards, averaging 
50 A.U. apart, are much too few and far between The publication of 
tertiary standard wave-lengths by Burns* was therefore very welcome, and 
bis results were of the utmost service In the early part of the work some 
BIX or eight iron lines were employed for each reduction, with a view to 
checking the internal agreement of Burns' values This was found to be so 
uniformly satisfactory that it was judged permissible, in order to lessen the 
labour of measurement, to rely upon a somewhat smaller number, usually 
four or five, but never less than three The measuremmits were made with 
the greatest care , six independent sets of readings were taken on each line, 
the plate being reversed end for end after the first three The final mean 
readings, after correction for micrometer errors, were reduced to wave- 
lengths with the help of an anthmometer, and a curve of corrections 
constructed if necessary 

Two difficulties were encountered in the wave-length determinations 
First, the measurement of the hydrogen lines was by no means ea^, on 
account of their width. This averaged about 0 25 A V for «, 0'15 for ff, 
and 0'17 for y, 5, e, and very much more than that of an ordinarily good 
iron hue Second, the results derived from the two companson spectra were 
often seriously discordant. This was a very fruitful source of trouble — ^tbe 
various attempts which were made to locate its origin occupied, m tact, most 
of the time spent on the research These discrepancies were small, only 
reaching 0*04 A.I7. in two oases, but quite certainly existed, that is, they 
could not be attributed to errors of measurement Farther, they were most 
marked m the case of long exposures, a point of some significance. Thus the 
determinatioa of 0 and y was practically free from trouble of this nature. 
The ease of « will receive separate eonsideratum. 

Sourees Srrcr 

It is perhaps worth while to summaxiee the diief sources of error in 
eonneetiOB with wave-length deterannations by this method— 

* 'SsUaebr. t Wist. Fhot,’ voL U, 6, p. S18 'UA Oba Bull.,’ voL 8, No. S47 
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t. 

(1) Incomplete lUuminabon of the'giptiBg. 

(2) Carvature, or other irragakritjr of the dit (only effective m aetigmatio 
inatruments) 

(3) Uneveimeae of plate surface (only effective whra diffracted beam does 
not fall normally on plate). 

(4) Belative displacements of slit, grating or plate, whether ansing inmi'-* 

(a) Meohamoal disturbance ; or 

(ft) Temperature change. 

(5) Change of refractive index of air, ansing from variation of temperature 
or pressure 

(6) Inaccuracy of setting on lines, systematic and otherwise 

(7) Inaccuracy of micrometer screw, induding such as may result from 
temperature variations during the measurement 

(8) Incorrect values for the standard wave-lengths used. 

Smce the discrepancies in question were so small, although large enon^ to 
be of importance for the present purpose, and sinoe only the first two of 
the above possibilities could be absolutely removed, it will be understood 
that it was a matter of some difficulty to detect the source of the trouble 
Complete illumination of the grating was aecored in the usual manner, 
by using in each case a lens (of sufficient aperture) to form an image 
of the source on the slit The infiuenoe of the shape of the slit was 
quite easily eliminated by using the same portion of Uie latter tot all 
three exposuree. With regard to the influence of the {date snifaoe it may 
be pointed out that, on the average, displacements of this kind woold be just 
as likely to occur to the iron as to the hydrogen hues , m foot, more so, sinee 
more of the former were measured. In point of kot, however, no shifts of 
any consequence were encountered m the ease of the iron standards used 
Moreover, an examination of the plates failed to reveal any oorteqpondenee 
between poor surface and discordant resulta. The changes of wave-length 
produced by variations in atmosphsno temperatiue and pressure aie ol the 
order of 0 005 k U. per 0. and 0*002 A.U. per miUimetre respectively. 
The former source of displaoement was always negligible in the present 
instance, and it was only in a very few cases tiiat the pteasoie tfiift was 
large enough to be worth taking into (xmsidera^on. After allowing for ft, 
if necessary, there still remsined a number of serious disor^Mmoies to he 
accounted for As far as the measurement was oonoemed, systematis enoif 
of setting should be eliminated, assuming oonttonoy of pemonsl equatioa, 
Aooidental errors of setting were ttnavmdahlB, of course, but aftw sens 
expenenoe it was quits posable to form a ssthpate of thshr prahehle 
magnitude. For example, in the case of a good plate e& aoeutasy of aliOBt 
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0‘002 A.U was to be expected in setlang on an avetage iron line, llie 
uncertainty was always larger for the hydrogen lines, and varied greatly 
with their breadth and diffuseness The permanent errors of the micro* 
meter were investigated and allowed for In order to guard against the 
effect on the screw of varying temperature three separate sets of settings 
were made, as already mentioned. The discrepancies in question could 
hardly have been due to variations in wave-length of the iron lines, the 
conditions under which they were produced (length of arc, current, etc.) 
were kept as constant as possible througj^out the expenmenta, and the 
practice of ineasunng a number of lines furnished a further safeguard against 
individual shifts 

There remains to be considered the possibility of disturbance of the spectro- 
graph. The mounting of the College instrument would appear to possess 
sufficient stability to render accidental sluftmg of either slit, grating or plate 
very unlikely, especially as it rests on piers which are mdependent of the 
floor of the laboratory The uniformly concordant results in the case of the 
shorter exposures were reassuring on this point Further, several long 
exposures were taken durmg the night, using every conceivable precaution 
against disturbance of the instrument, but without securing perceptibly better 
results. Variation of temperature would appear to be a much more likely migin 
of the trouble. Taking 0*00002 as the coefficient of expansion of the speculum 
metal, we And that in the neighbourhood of HC (Xts 3889)a shift of 0 02 1. U. 
(such as not infrequently occurred) will result if the temperature of the grating 
changes by 026°C. between the two iron exposures. Thus in order to 
preclude venations of more than 0 002 A U , the smallest which can be 
detected m the present case, it is necessary that the temperature shall remain 
constant to within 0 03° C. To test the point a platinum thermometer was 
employed It was of the grid type, and was placed above the grating and aa 
close to it as jiossible A continuous record of the temperature, on a scale of 
1 inch to 1° C , was obtained by means of a CSallendar recorder It was found 
that temperature variations of sufficient magnitude to account for the observed 
shifts did undoubtedly occur, and an attempt was made to correlate the two, 
but without much success In several cases there was an approximate corre- 
spondence, but usually there was not. But for several reasons it did not seem 
feasible to make a really satisfactory investigation of the point at issue. For 
one thing the hydrogen lines, as already noted, are broad and inorearin|^y 
towards the limit of the series. Hence, so iu* as the first six lines axe 
oonoemed, the probable error of measurement is greatest tor e and wbieh 
on account of their feeble intensity requme the longest exposures and are tiius 
most susceptible to the effiscts of varying temperature Moreover, it was not 

TOL. xa— ▲ 2 z 
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ttsttsllj' possible to measure satisfactorily more than one line of the series on 
one plate, since its neighbours were on the one side over- and on the other 
under-exposed Thus the determination of the shift depended entirely on 
one hue, a very unsatisfactory state of atfairs It is hoped to resume the study 
of the question under more favourable conditions, that is to say in oonneotion 
with a spectrum containing a number of line lines 

Whether or not the displacements found m the present case are to be 
ascribed to teiqperature changes, it is certainly likely that the latter will 
provide a serious obstacle to the accurate determination of wave-lengths when 
the exposures are long The instrument employed is very compact, being 
entirely contained in a box 11 feet by 2 feet by 2 feet, the walls of which are 
double, with a lagging of slag wool between One would thus expect the 
temperature to remain much more nearly constant than in the case of other 
forms of mounting, Howland’s, so that it will be interesting to compare 
the present results with those obtained with other instruments under similar 
circumstances.* 

It was particularly desirable, for the reasons already explamed, to determme 
the position of H« with the utmost accuracy Unfortunately, however, the 
probable error of this result is larger than that of any of the other five lines 
measured Tins is in part due to the scarcity of standard lines in the region 
in question, only four being available,t and those some distance apart Using 
the first and last for the derivation of a hnear formula, the curve of oorreotions 
obtained from the other two departed very appreciably from the paraboho 
form which holds for shorter ranges. A cubic formula was accordingly used 
to determine the correction required for H« In addition to this souroe of 
uncertainty some evidence was obtamed of vanabihty of the wave-lengths of 
these standards The possibility of such variations is also suggested by the 
* rather large discrepancies between the values obtamed for these lines by 
different observers^ 

W<m~Unffth JSeeults 

In oombiumg the results for any one line the two values derived from 
each plate were weighted according to the agreement between them, if they 

* Sues the above wae wntten, a paper which heare on the point hea oome to hand 
<B. T Birge, ' Aetrophya, Journ voL 89, p BO (1914)) The aothor wae inveetlgating 
the first positive band eystem of the nitrogen speotram, and the expoeuree were veiy 
long (up to ISO hours) Ee found shifts in exact oorreepimdenoe with the idiaerved 
temperature ohangea, but he was able to control the latter (the grating being nounted in 
a ipectally oonstrnoted room) in each a way as to neutralise the disturbiog edhete of 
vanatione of atmoepherio preaanre. , 

f 6494 991, 6B46 247, 669S‘9Sfi, 6678 600. 

} Burns, loe, al 
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disagreed by more than 0 02 X.U. both were tegeoted. The probable eiron 
given have been denved by means of the usual formula, vu , 

pe = ±0-6746,./ 

It may be remarked that m the case of H« the probable error stated'is 
too small, since it does not include the uncertornty arising from the causes 
mentioned above 

The results ore summarised m the following Table — 

Table II 


liine 


Number of 
•tandiidi need 

X(IA) 

pe 

__ 


4 

6562 70S 

±0*0017 



i 0 

4861 826 

±0 0010 

y 


1 6 

4840*467 

±0*0006 

» 

14 

10 

4101 788 

±0 0018 

< 

10 

11 

8W 075 

±0*0016 


12 

15 

3880 051 

±0*0011 


These wave-lengths were reduced to vacuum by applymg corrections 
taken from Kayser's ‘ Spectroscopie,* vol. 5, p 514 If now Balmer's law is 
accurately obeyed the value of N given by the expression 


10 ! 



should be the same for each line within the limits of observational error. 
The figures given below appear to indicate that such is not the case. 


Table HI 


Xdne, 

a 

^(tm) 

•(me) 

Ne 

P « 

a 

8 

0564 574 

16,288 281 

109,679 68 

±0*08 

B 

4 

4868 659 

90,664 -880 

86 

±0*02 


5 

4841 664 

88,083-644 

28 

±0*02 


6 

4108 878 

84,878 165 

*84 

±0*08 


7 

8971 176 

85,181 458 

84 

±0-04 

IKIIIIIIi 

8 

8890*181 

1 

86,706-076 

26 

±0*08 


A ■mall systematic departure from Balmer'e law is obviously suggested, 
the nature of the deviation being such as to pomt to a Bydberg formula as 
bfihg preferable Before calculating such a formula, however, a careful 
of the volue for H« was made, m order to make sure that the 
deviation in question could not reasonably be attributed to error in the 
derived wave-length. The effects of errors of measurement and method 
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of reduction of the standard wave^lan^tha and of the ooneotioii to vwanm 
were considered, and an estimate formed of die maximnm total error on all 
these accounta This seemed to be about 0012 AU m the extreme and 
very improbable case when all the errors have the same sign. To fit He 
to a Balmer formula denved from the other lines requires a oorxeotum of 
about 0 022 A U , so that one is forced to the oonolnsion that the deviation 
18 genuine. 

DwplvyUy of the Hydrogm Luma. 

The determination of an exact formula for the Balmer senes is unfortu- 
nately complicated by the fact that the hues are very close doublets, so 
close, mdeed, that they appear single on all the plates obtamed in the present 
work, except that H« has shown a suggestion of resolution m a tew oases. 
Afiohelson applied his interferometer to a and in 1892 and found them 
to be double, the separations being 0 14 and 0 08 A U respectively, but 
the components were so broad as to render the resolution very difficult 
The lines have since been examined by a number of observers with very 
varying results There is a general consensus of opinion that « and are 
double, but considerable disagreement as to the precise separations of the 
components. Thus for « Houstoun* gives 0 066 A U , Fabry and Buissonf 
0‘132, and Paschen and Back} 0‘20 Further, the components appear to be 
unequal in mtensity, the less refrangible being slightly the stronger! 
ratio is given by Michelson as about 10 ' 7) 

There is thus some unoertamty as to what point of the compound line 
the present measurements really refer , it will presumably be slightly to 
the less refrangible side of the point midway between the components. 
In any case it seems evident that the simple Balmer formula is not exact 
when applied to the “ centre of gravity ” of the lines, although there is just 
a possibility that it may hold for the leas refirani^ble components. An 
attempt was made to denve wave-lengths for the components and calculate 
separate formule for them, but the data available aemn too unoertam to 
permit of reliable results being obtamed m this way. 

CorreeUd Formvia for Hydros Senes. 

, Tie general formula of Bydberg is as follows *— 

* <PhU. Mag (6), voL 7, p 4Se (ie04> 
t ‘ Journ. de Phya ,* June, 1818. 

I ‘Ann. d. ^ya.,' voL 88, p 887 (1818). 
g Pabiy and Buiaaon, foe. eft. 
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lAma and Determination of the Series Constant. 


As the deviation from the Balmer or single constant formula is so small, 
it IS natural to trj next if the observatioiis can be fitted bj means of a 
modified Rydberg formula containing only two constants If /t is put ss 0, 
a least squares solution gives N ss 109,678 82 and jo s — 0 0s36 This 
formula (II) represents the hnes within 0 002 A.U , with the exception of H«, 
which it gives 0 006 too high It is distinctly preferable, however, to put 
p = 0, as the formula (1) then gives a fit quite within the hmits of expen- 
mental error The values obtained for the constants by the method of least 
squares are 

N « 109,679 22, ^ + 0 0,69 

Table IV 


Lina 
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6&62 798 I A 
4881 826 
4840 467 
4101 788 
8070-076 
8889 061 
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X ealonleted. 

0 

1 

o 

±0 0017 

AO -0010 

AO *0006 

AO 0018 

AO *0016 

AO -0011 

6662 7989 

4861 8266 

4840 4661 

4101 7876 
8970*0748 
8889*0616 

liliil 

ooeeee 
+ 1 + + + 1 


A comparison of the results of observation with the two formuln is given in 
the figure. The ordinates represent the difference between a standard value 
of N (109,679 22) and the value denved from each hne by assuming Balmer's 
law The supenonty of the formula adopted is clearly shown m spite of the 
smallness of the wave-length deviations. 
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The figure also gives the results ohtsined hy means of a fotmula (III) 
suggested by Dr Bohr m a letter to Prof. Fowler, vu : — 

The departure from the simple Balmer formula, which has already been 
derived theoretically by Dr Bohr,* depends upon a correction of the mass of 
the electron due to its velocity It would seem that this formula is not of a 
smtable type to represent the experimental results. 

The calculation of a general Bydberg formula gave the following reeults ■ — 

N » 109,679 23, /t = + (H)»70, p = + 0 O 78 

The improvement obtamed by introducing the third constant is so small 
as to be scarcely perceptible, even when the fourth decimal place (m wave* 
lengths) IS taken mto account. It will be noted that the values of N and ft 
are practically the same as before, while p is exceedingly small It thus 
seems quite legitimate to adopt the two-constant formula already given 

With regard to the constants N and p, it seems pretty certain that the 
former must lie somewhere between 109,679 20 and 109,679'26 The value 
of ft cannot be relied upon with such confidence, as it depends almost entirely 
on the wave-length of H«, which is rather more doubtful than the others. 
But ft IS certainly positive, and very probably lies between 00s3 and O'OilO. 

The above formula gives the oonvei^enoe freqnenoy of the senes as 
27419605, corresponding to a wave-length (m air) of 3645*981 I.A, or 
8646 125 on Howland's scale. 

Cmptmson with other Olaesrvatvm 

The folbwing Table gives a comparison of the wave-lengths calculated from 
this formula with the results of vanous observers. The former values refer to 
air at 20* C. and 760 mm., and the latter have been reduced to the Inter- 
national scale. 

The observations of Dyson, Evershed, and Mitobell were made on the 
chromo8)ihere dunng total solar echpses, the two former employing prismatio 
instruments and the latter plane and parabolic gratings. As the pressure in 
the upper chromosphere must be very low, we should expect the wave-lengtiw 
of the hydrogen lines to be practically identical with those determined from 
vacuum tube work. The results of Dyson and Evershed euppwt this view, 

* 'Phil, Hag.,' voL p> 1 (IMS). 
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Table V 
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18 
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14 
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18 
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20 
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60 870 
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88 
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84 
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+ 0 02 

86 

67-086 





+ 0 12 

86 

67 860 





-0 01 

87 
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* FMluntDMrjr Ttlila of Solar Wore lengths 
t ‘ PhU Mag / (6), Tol 80. p 88 (X880) 

{ < Phil Trans A, toI 806, p 408 (1006) 
f ' Phil Trans A, toI 901, p 467 (1008) 

II ' Astrophjs Joum vol 86, p 407 (1018). 

while those of Mitchell might at first sight appear to be opposed to it. The 
average deviations are as follows* : — 

Dyson (0^0)»0020. (0-0) « -0-000 

Evershed » “ 0 036, „ = — 0-014 

Mitohell ... „ 8=0106, „ j= +0-100 

!Diere is thus a considerable systematio deviation in the case of Mitchell’s 

*' Nsgisotiag Noa fiS, 84, 88, 88, 83, 86, wbobiamording to MltdisU, an Uandod with 
othsr lust. 
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results, but nothing to correspond ^tth this in the other two oases The 
explanation probably lies in the difiBculty of determining wave-lengths from 
objective or slitless spectra such as these This difficulty is especially marked 
in the case of strong lines Since Mitchell’s list contains many more Imes 
than either of the other two it is to be presumed that his hydrogen lines are 
stronger, and hence more difficult to measure It will be seen that the 
discrepancies are particularly large for the earlier (te the strongest) membora 
of the senes, as would be expected on this view 

Senes Bdaivmships in the Hydrogen Spectrum, 

It IS frequently possible in work on senes to obtain valuable evidence with 
regard to the one under discussion from an examination of the series 
associated with it For example, if the Kydberg-Schuster relatums hold — 
and they are exceedingly nearly exact, if not absolutely so— the convergence 
frequency of the Diffuse senes is equal to the variable part ” of the first 
Pnnoipal Ime. It may readily happen that the latter, on account of its 
strength, sharpness or position in the spectrum, is better Auited to acourate 
investigation than the Diffiise Imes themselves, so that it may be practicable 
to obtam m this way a better formula than is denvable merely from internal 
evidence It is unfortunate that in the present cose no assiatanoe of this 
kind IS available, on account of the special character of the hydrogen 
speetrum 

T7p to the present the Baluier senes has usually been regarded as of ^e 
Diffiise type. In 1896 Pickering found a senes of lines in the spectrum of 
t PuppiB, which It was quite natural to conclude was the associated Sharp 
senes. There was, of course, the anomaly that it could not be obtained in 
the laboratory, but the numencal evidence of identification seemed so strong 
as to outweigh this objection. Hie case seemed to be further strengthened 
by Rydberg’s well known calculation of the stellar line 4688 as the first hoe 
of the Prmmpal series, and to be finally estabbshed by Prof Fowler’s success 
in producing this line, together with several other members d ^dbeig’s 
calculated senes, in the laboratory Prof Fowler’s most recent work* an 
series of enhanced Imes, however, seems to leave no room for doubt that both 
the " f Puppis ” and the " 4688 " senes are really enhanced line smnes of 
helium The same conclusion had previously been reached from theoretical 
considerations by Dr Bohr (loo. oO.). 

The hydrogen spectrum thus regains its apparently anomalous positioa, 
and we are led to enquire whether the Bidmer series is really a Diffiise 
series, and, if so, what has become the associated Sharp and Pnnoipal 
* Bakanaa Lecture, 1914, 'Phil Trane.,’ A, vid. 914. 
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aeries The evidence as to the nstute of the Balmer series u very meagre. 
The fact that the leas refrangible component of H« is the stranger fovonrs 
the view that the aenea is of the subordinate type. The diffuse oharaeter Of 
the lines naturally suggests the Diffuse type, but this is by no means an 
infallible critenon The electrical resolution of the hnes appears to 
Oorrespond with that of the Diffuse aeries of hehum There is no farther 
evidence available at present — the Zeeman effect, for example, throws no 
light on the matter 

Let us suppoae, however, that the senes is of the Diffuse type Analogy 
with all other known cases leads us to expect that the Sharp aeries will be 
developed under precisely the same conditions of experiment, and, since it 
must have the same convergence frequency as the Diffuse, the Imes will fall 
m the some region of the spectrum, so that they should be readily observable 
As they have never been seen, howevei, it is reasonable to suppose that in 
the case of hydrogen the Sharp and Diffuse senes practically comcide,* the 
Balmer senes representmg the superposition of the two There is not at 
present any direct evidence bearing on the question, but the above manner of 
regarding the Balmer series has the advantage of bringing the hydrogen 
spectrum into line with other senes spectra, and converting it from an 
exeeptioii into a limiting case. 

If this view 18 correct, we should expect the Prmoipal senes to be given 
either by n s: N/2*— N/m* or by » «b N/l*— N/m*, the ambiguity arismg 
from the very small value of it in the Balmei senes. In the former case the 
Principal would be superposed on the two Subordinate In the latter we 
have the senes recently obtained by Lyman m the Schumann region 
Similarly, the Fundamental senes would be given either byn s 
or by « ss respectively The former senes is m the mfra*red , 

two of the lines (m s 4 and m 6) liave been obtained by Faechen 

The question of the precise nature of the Balmer doublets must be left 
unsettled for the present H« and H/S are the only members which 
have been resolved, and the results obtained are so discordant that no 
eonclusion can be drawn from them Bobrf makes the interesting 
suggestion that the lines are normally single, but are resolved into doublets 
under the action of the electric field in the vacuum tube If this were so 
the discordance of the results of vanous workers would be veiy simply 
explained, as arising from diffenng conditions of expenment But for any 
one case the ratio of the separations of H« and H/9 should be 0^0, taking 
Stark’s results for these lines. Paschen and Back’s measurements j^ve 

* la some other qsbm they lie very dose together, ag., for K 

t ‘Mill Mag.,’ («), voL 87, p. fi06 (»14). 
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0*83 for this ratio, in sufficieatlj'good agreement with the above. On the 
other hand, Miohelson'e results g^ve 1*75 and Fabry and Buieeon's 1*83, so 
that it does not seem possible to account for the dtsorqtanciee in this way. 

Summary 

1 The wave-lengths in 1 A. of the first six lines of the hydrogen senes 
have been determined with an accuracy of about 0 001 k U. 

2 Balmer’s formula has been found to be inexact The resnlts may be 
represented by a modified Bydberg formula containing only two constants, 
thus — 

^ _y N 

4 (m+M)*' 

where Nsx 109,67922 and /as 4-0*0(69 

3. An accuracy of 0 001 A.U. is attamable in the third order of a 10-foot 
concave grating if the exposures are short (say less than half an hour). 
With longer exposures accurate determinations become very difficult if the 
temperature of the instrument cannot be oontroUed 

4. The tertiary iron arc standards determined by Bums were tested in the 
special regions under investigation, and found very satisfactory 

The author’s best thanks are due to Prof. Fowler for the interest he has 
taken in the work and for measuring some of the plates. 
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On the Measurement of Alternating Electric Currents of High 

Frequency, 

67 Albert Campbell, B A , and D. W Dte, B Sc. 

(Communioated by It T Qlazebrook, F B.S Beoeived Jane 18, — ^Eteod 

June 26, 1914 ) 

(From the National Phyaical Laboratory.) 

[Pi.aTB 10] 

Both from the scientific and practical point of view the aocniate measnie* 
ment of alternating current, voltage and power at high frequencies is of oon> 
siderable importance For example, in the domam of pure scienoe the study 
of energy losses m dielectrics at high frequencies is most interestii^, while on 
the practical side, in radiotelegraphy, there is a wide held for improved 
methods of measurement At frequencies from 100,000 to 2,000,000 per 
second by the methods at present m use it is comparatively easy to measure 
currents of the order of 0 1 ampere, Wt many difficnlties present themselves 
when we have to deal with currents of 1 to 50 or 100 amperes We have 
recently investigated several ways of measunng these larger currents, and 
the object of the present paper is to give a description of the more satisfoctory 
methods and the results obtained by them 
Thtrmal Jnstnmmte — The most common method of measunng a high 
frequency current is to pass it through a conductor and observe the nse of 
temperature of this as shown by its expansion or change of resistance, or by 
means of one or more thermoj unctions in contact with it or near it The 
last method, that of a heater and separate thermopile, was investigated by one 
of us many years ago* and was used laterf to measure the voltages induced m 
small search coils by alternating magnetic fields. The separate heater system 
was used by Mr Duddellt m his beautiful apphcation of Mr Boys’s radio- 
micrometer to current measurement, and his thermo-galvanometer still 
represents Uie high-water mark in efficiency While, however, the self- 
contained thermojunotion and moving coil no doubt give the highest 
efficiency, the use of a thermopile connected to a separate galvanometer has 
sefveral advantages, especially m laboratones where economy of instruments 
has to be considered. A variety of heaters and thermopdes can be used with 

* A Campbell, * Boy Boo. Edin Froc.,’ July, 1687, p 406. 
t A Oampbeli, 'FhiL Hag ,* Jan , 1680, p 8 
t *FliiL Mag , vol. 8, p. 91 (1904). 
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a single galvanometer, and both thesmsitavityand the promptneBeeaaiuaally 
be altered within f^tty wide limits by adding resutanoe to the galvancnneter 
oironit. 

The thermopiles we used m geiferal consisted of from four to ten pairs of 
thin wires about 0*1 mm diameter and 1 cm long The oombinations used 
were various, but most frequently either iron-oonatantaii or manganm- 
constantan. The iron-constantan couple has two strong points m its favour , 
it gives a voltage almost exactly proportional to the difierenoe of temperature, 
and the temperature coefficient of its voltage sensitivity is very small On 
the other hand, the high thermal conductivity of the iron is not desirable, and, 
as will be explained later in this paper, its magnetic properties may give 
trouble It was for these last two reasons that in many of the expenments 
manganin*c(MistBntan couples were used mstead Perhaps the most commonly 
used thermal ammeter consists of a single thermojunction in metallic contact 
with a heater wire. In our experience this is not nearly so good as the 
separate heater system When the galvanometer oironit is in metallic 
connection with one point of the high frequency circuit, usually a small high 
frequency current will pass to the galvanometer due to the capacity to eartii 
of the galvanometer and its leads, and this current may ohien cause a ohange 
of dedeotion by heating one of the thermojunctions. It is often possible to 
obtain a deflection of the galvanometw when only one tenmnal of the best^ 
is connected to the high frequency circuit These troublesome effects cannot 
be got nd of by screening the galvanometer or earthing a point of the oircuits, 
but the use of a separate heater gives in general a complete cure. Acoordii^ly, 
in all that follows, unless the contrary is stated, it will be understood that 
the heater is completely insulated from the thermi^ale and galvanometer 
circuit When such a heater is used, the instrument can be calibrated with 
direct current, which is not always possible with instruments that have 
the thermojunotion in metalho contact with the heater In general, if the 
ammeter is to be accurate at different frequencies, the heater should be of 
such form and dimensions that its effective resutanoe shall remain apfNreoiably 
constant throughout the range of ftequenoiea used. Thu condition u usually 
attained by makmg the heater of BuflSoieetly ttun wire ; a uniform tube 
very thin wall would be another possible form. A convenient table has been 
given by Austin* showmg the maximum permissible diameters of wires of 
various metals for 10 per cent , 1 per cent, and 0*1 per cent, venation in 
effective resistanoe at various frequenmes. The resutanoe of a emutantan 

* Austin, ' Jahrbnoh dsr Orahtlosm Tslsgraphie,’ vol A P (1019). See Zs I ibs A , 
‘Leitfadsn der DrahtlMsn Talegrapliis,*p. 991 J H. IMingsr, ‘BuBstm ef Bursaasf 
Stondards,* vol. 10, p. 9i (1919). 
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wire of 0'15 mm. diameter increases less than 1 in 1000 at a frequenoj of 
3 X 10* per second (\ s: 100 mm ) , the change in similar wire of 0 30 mm. 
diameter is less than 3 per cent The use of more than two wires in parallel, 
in order to permit the measurement of larger currents, presents difficulties,* 
since exact symmetry is not easilv secured. Most jot the heaters we have 
used were of short lengths (straight, cnnkled, or doubled back on themselves) 
of oonstantau wire of diameters ranging from 0 04 to 0 3 mm. The thickest 
of these wires will not stand more than 3 6 amperes in air, and of coarse, for 
proper working, could not be used for currents so large as this We have 
found, however, that the larger currents can be dealt with by immersing the 
whole combination of heater and thermopile in a large vessel of liquid such 
as paraffin oil f 

Otl-eooled Healer — The behaviour of a separate heater and a thermopile 
immersed in oil is very interesting The difference of temperature indicated 
by the thermopile depends nut only upon the positions of the opposite 
junctions relative to the heater, but also upon the thermal expansibility, the 
viscosity and other properties of the liquid When the thermopile and the 
heater wire are both placed horusontal in the liquid, with one set of junctions 
above but projectmg slightly beyond the heater, the readmgs of the galvano- 
meter are in general by no means proportional to the square of the effective 
current in the heater, as they would approximately be if the surrounding 
medium were only air The relative positions of the heater and junctions can 
be adjusted by trial, so that over a large range of current the galvanometer 
deflections shall be almost exactly proportional to the current This 
unexpected result is very useful, as an almost umform scale is so much 
supenor to the square law scales of all previous thermal instruments $ A 
typical example is given m Table I, which refers to a heater of 0 25 ohm 
resutance immersed to a depth of 8 cm. in paraffin oil of boiling pomt 180* C 
A current of 3 8 amperes caused vaponsation around the wire The deflection 
attained a steady value in about 25 seconds The scale was straight and the 
galvanemeter faced its middle point. Table I contains the deflections 
oorrespouding to various currents in the heater (fw scale distance of 100 om.), 
and dso deflaotum/current in each case The values are plotted m fig. 1 and 
the resultnig direct reading scale is shown in fig 2 


* J. H. DsUtagu', ‘ BttUstin of Bureau of Standard^* vd IQ, p M (IBUX 
t In tba paper already ated Bellinger deeenbee a bolonetne ammater in whioh the 
heated wlree are tmnecied in oiL 

% The behaviour of a heated wire m a liquid ia further lUustiated in en Aj^mbcUx to 
tfabiMpsr. 
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From the Table and those diagrams it will be seen that the scale is ooSCord 
over a large range. We have not yet folly mvestigated the oonditioos fw 
oonstanoy or temperature ooeffioient in immersed heater ammeters of this 
but in the experiments described below tiiey proved very useful when 
hequently calibrated with direct current. In the earlier experiments a 
thermopile of iron and constantan was used with a straight wire beatw. With 
this oombination an mteiesting effect was observed , it was found that, as the 
frequenoy was raised, the same current gave higher sad higbm' readi^ on 
the galvanometer, errors of the order of 6 per cent, being notieed at a 
frequenoy of 2,000,000 per second. It was found that the emus pcaotioally 
disappeared when the heater wire was bent back m a close narrow loi^ so as 




Altem<U%ng Electric Ourrentc of High Frequency. 625 

to Teduce as far as possible the magnetio field produced the ourreat in it 
With a single straight heater the magnetic field near it due to a cortent of 
1 or 2 amperes produces considerable magnetisation m the iron of the nearer 
thormojunctions, and at the higher frequenmes the power dissipated by 
hysteresis and eddy currents accounts for the extra heating which caused the 
errors. To avoid the possibility of error from this cause (which has much 
more effect m the oil-cooled wires, running as they are at high current density), 
the iron-constantan thermopiles were mostly replaced manganin-comitantan 
ones 

While the system of oil-cooled heater gives trustworthy results when used 
with care, its range (say, to 10 amperes) is too restncted for the more extreme 
practical requirements 

The next method, which we now proceed to discuss, consists in the use of 
current transformers, and its range of application extends to the largest 
currents that can be produced 

Current Trans^ormen — Some years ago it was proved by one of us* that a 
laige alternatmg current could be measured with accuracy by the help of an 
air-core transformer in conjunction with a low-reading ammeter. The proper 
conditions of working were investigated and the smtability of iron-cored 
transformers was also discussed Since that tune current transformers have 
come into very wide use in the measurement of low frequency currents More 
recently Mr T L Eckersley pointed out to us that the above-mentioned 
investigation of air-core transformers was perfectly apphoable to undamped 
alternating currents of high frequency, and he also showed from the theory 
that, even where there was considerable damping, good accuracy should be 
attainable. At that time he actually used such a transformer in high frequency 
experiments t We have recently designed a number of current transformers 
specially adapted to meet the demands of modem high frequency practice , 
before describing these and the tests made upon them, the theory of the 
ourrent transformer with damped high frequency currents will be briefiy 
stated. 

Ai/fcore Ouirtmt Tran^ormer vnth Damyei Alternating Let 

the secondary oircmt of the transformer be connected directly to the 
nmineier (beater or other system), this complete circuit having resistance 
Ba and seli-inductance La. Let the mutual inductance from primary to 
secondary cironit be M and the frequency be a, a> being written for 2im 

* A OsmpbsU, ‘PhU. Mag Sepb, 1886, p. S71. 

i Ja the DOnitc wavemeter (‘^ktioteohniadie Zeitaclinft,' voL St, pp. 980 and 1084 
(1808)) a small variable ourrent u used to ominect the resonating oiroi^ to the heater of 
the aih thermometar, whioh serves as a ourrent mduator 
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and j tor y/—l Following Eooleat " a long oontinned dowly damped 
train of oaoillatory current of the form •~**ooaai<” paaaes throngh the 
primary circuit (where btan timea the loganthnuo decrement per period)^ 
we may use the operator (— in place of the aimple operator/* need 
for ordinary contmuoua alternating ourrenta 
If «i and tg be the inatantaueouB values of the pnmary and secondary 
currents respectively, and Ij, Is the corresponding effective valnea, we have 


Hence 


[Rs+l9(*“i >■ — M(—- 6+/»)ti 

Ii» _ (Rs-Ls6y+IaV _ V|l+r(R.-Ie6)/Lwa?} 
Is» M*(6«+®») ~ M»(l+i»«*) 


For such a value of the damping that 

b s Ba/2U 

we have Ii/Is s I«/M 

If b/a and BglLaeo are both small compared with 1, we have 


I,_l2 

n“M 



( 1 ) 

( 2 ) 

{2a) 

( 3 ) 


If IB small enough, then h/lg is very nearly equal to Is/M, and 

this value becomes more and more nearly exact aa the froqnency is raised 
When the oscillations are continuous, b s 0 and equation (1) takes the 
well known form 




( 4 ) 


To find in what oiroumstanoes the approximation m equation (3) is 
sufiRoiently accurate, let us consider what values of b/« and Bs/I^ are 
hkely to occur m practice. In radiation telegraphy the ware>lmigths 
commonly range from 300 to 6000 metres, the corresponding hnuts of » 
being from 6 x 10* to 3 x 10* Since &/«* b (log deoreinent)/2ir, nnless the 
damping is excessive, h/ta will not be greater than 0*05 It will be found 
that, by suitable design of the transformer and heater, Bt/Z«a» can usually 
be kept smaller than 0 05. When these two limits are not exeeeded, it will 
be seen that equation (3) is a suffloiently near approximation for praotioal 
purposes (within 1 in 1000) As will be seen from some of the actual 
transformers described below, the correction term in (3) can generally be 
made negligible, and the ratio of currents is given by le/K. 

If on the contrary the damping is mcoeaaive, then equations (2) and (fin) 
afford a possible means of determining b, by altering IBs until the observed 
current ratio becomes L|/M, in which case b me Ba/SLg. 

* <FhyaS(K).Proo.,*voLMtP>M0(19UX 
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Deemftvm of the Air-qm Tran^ormere, — Sevnal air-oon tmufonuen 
were ooaetruoted with the windings ad^justed by measuxements at low 
frequencies (600 'w per second) to give exact values of I«/M, which may be 
called the " nominal ratio ” Satios of 20 1, 50 * 1, 100 1 were found 
convenient The secondary coil was of hi^ly stranded wire wound in single 
layer on one (or two) ebonite bobbin (or boblansX and the primary consiated 
of one or more turns of thicker stranded wire fastened in fixed position 
inside the bobbin The final adjustment of the nominal ratio was effected 
by slightly altering the position of the primary wmding The bobbins were of 
8 to 15 cm. diameter, and of various lengths, the wire of the secondary mrcnits 
having 7 or 17 msulated strands of 019 mm. diameter, or, in the latest 
type, 3 X 3 X 3 X 3 strands of 0 08 mm diameter. The ends of the primary 
and secondary coils were brought out to a considerable distance at opposite 
ends of an ebonite base This was done in order to avoid bnnging the 
leads too near the coils Except in the case of the astatic coils, readings 
were always repeated with the leads of the primary terminals interchanged ; 
by takmg the mean of the two readings the inductive effects of the 
surrounding circuits were eliminated 

Tests on Atr-eore Tran^ormers-^'Eexix transformer was tested at a number 
of different frequenaes from 50,000 to 3,000,000 per second, the corre- 
sponding wave-lengths being from \ s 6000 to 150 metres. From an 
oscillating circuit across a spark gap with large magnesium electrodes high 
frequency current was mduoed into another tuned cirouit containing a self- 
inductance coil, an adjustable oil condenser, an oil-oooled heater, and the 
pnmary coil of the transformer, the secondary being directly connected to 
another heater (m air) The thermopiles of the two beaters were connected 
through suitable resistances to refleotmg moving coil galvanometers of 
10 to 16 ohms resistance. These galvanometers bad phosphor bronze (not 
silver) suspensions; their sensitivities were of the order of 70 mm at 
1 metre distance per microampere Heaters of various resistanoes were 
used (0 26, 1, 15 ohms, etc.^ sensitivities may be judged from cme 
example : a current of 50 milliamp6res in a 1-ohm heater gave a deflection 
of 600 mm. at 1 metre, the movement of the light spot being qmte prompt 
To ensure the highest accuracy, before and after the high frequency readings 
the two scales were tested at the same readings by means ot direct current 
A number of readings of It and Is (the respective high frequency currents) 
were thus obtained, and from their means the ratio It/Is was dednoed. 
The values of Ii were of the order of 1 to 2 5 ampbrea. The steadiness was 
good, and the individual readings were very consistent amm^ themselves. 
Table II gives the results obtamed with several of the traurformers. The 
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last column but one gives the v^ues of I«/M from measorements at low 
frequency (800 's. per second), the I« molndmg the self-induotanoe of the 
heater circuit (about 0*4 microhenry) It will be seen from these results 
that between very wide limits of frequency (50,000 to 2,000,000 ^ per second) 
the current ratios are remarkably constant, and with one exceptaon explained 
below in good agreement with the values of I«/M determined at low 
frequencies As is shown by the last column, the observed vanations 
m ratio are largely accounted for when the more exact formula (3) is taken 
(5 being neglected), and when, instead of determining the I« at low 
frequency, its actual value at the high frequencies is determined by wave- 
meter observations It was found that in transformers Hos. 375 and 876 
the La fell off by about 1 5 and 2 per cent respectively, when the frequency 
was raised to about 1,000,000 per second This diminution was evidently 
due to the subdivision of the strandmg (wires 0 19 mm diameter) not being 
sufficiently thorough In transformer No. 411 the secondary coil has very 
much better stranding, and as a result the ratios are more nearly correct at 
the higher frequencies As its La is rather too small (202 8 microhenries) 
the resistance corraction becomes important at \ « 6000 when a 15-ohm 
heater is used, but the accuracy is satisfactory when the proper heater of 
1 ohm resistance is used m the secondary circrnt 


Table II — ^Air-core Transformers. 



I* 

Besistanoa 

of 

Wtor 

'WaTO-longtih, 

iiAi 

obiBtwd. 

Low 

fraquenogr 

Oomoted 

WM. 


nuerolL«nnM 

ohmi 

motioa 




L4U 

soae 

17 0 

160 

99*6 

100 2 




170 

800 

100 8 

100*2 

100 2 



l »*0 

1600 

300 *81 

loot 

100*6 



17*0 


104-2 

100*2 

104-2 



VO 

6000 

100 8 

100-2 

100-2 

L87d 

S 66 4 

1*0 

160 

49*6 

60-0 




lO 

800 

60-8 

60 0 

60*0 



lO 

1600 

60*4 

60*0 

60*2 

1 


1*0 

6000 

60*6 

60 0 

00*2 

L$75 

868 <0 

lO 

160 

19*98 

20 17 




lO 

800 

20*06 

20*17 

19*99 



lO 

1600 

80*20 

20 17 

20 24 



lO 

0000 

20 22 

20*17 



It should be remarked that, due to the limitations of geaeiatiliig sj^azatns, 
the tests have been made with comparatively small values of the pnmuy 
ourrent. The properties of air-cote transformen <^p6nd, however, in no way 
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upon the absolute values of the ourrents, as long as the owls have suffioient 
ourrent carrying capability The 100 : 1 transformer had a well stranded 
pnmary circuit, capable of carrying 10 to 20 amperes, and the otbeis had 
proportionate capabilities Thus a thermal ammeter reading to 0*1 amptee 
may have its range extended with good accuracy to 10 ampbres, and there is 
not the slighest difficulty m constructing similar transformers to extend the 
range to 60 or 100 ampbres 

PomUe Sowrcea of Error — To test whether the distnbnted capacity, which 
is appreciable m most coils, has any influence upon the current ratio, a 
condenser of 250 microfarads was put across the te rmina ls of the secondary 
coil of one of the transformers. As this scarcely affected the readings, it was 
concluded that, in general, the action of the distnbnted capacity is negbgibk 
The primary and secondary windings, however, should have the relative 
position of their turns so arranged as to avoid currents due to inter- 
capacity.* To prevent the possibility of errors due to proximity to other 
parts of the circmt, it is desirable to bmld the au-core transformers with 
doable pnmary and secondary coils, connected so as to give astaticism in the 
well known manner 

Iron cored Tranaformera — There is a very general behef that the use of 
iron m high frequency measuring instaruments is almost impossible, smce 
hysteresis and eddy current effects liecome so pronounced when the magnetic 
cycle 18 repeated at such frequent intervala In the case of ouixent 
transformers, however, this is qmte a mistake, for, as will be seen below, 
most excellent results can be obtained by the mtroduction of iron cores, and 
it IS not even necessary to use specially thm iron sheet or wire m making 
these. One or two examples will illustrate this statement . — 

Example 1 . A number of circular ring stampings from sflicon^iron sheet 
about 0 4 mm thick were placed together (with msulation tetween them), to 
fom an anchor ring of section about 1 5 sq cm. and mean diameter 47 cm. 
On tide nng, well insulated with paraffined silk, was wound very evenly the 
secondary coil of 200 turns of thin insulated wire The primary coil 
consisted of two turns of stranded conductor arranged to pass centrally 
through the nng and return symmetnoally at a fair distance from it, as 
shown in flg. 3. 

After shght adjustment of the relative positions of the primary turns and 
the ring at a wave-length of 150 metres, the current ratio was tested at 
'nurious frequencies, and also, for the lowest firequency, with several different 
values of the pnmary ourrent Ii The results axe given in TaUe IlL 

* 'Xha oqndty from primary to ssoondary was from SO to SO Buemnioiofarada 

2 T 2 
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Table III — Iron-coie Transfomier (A) 


BdMituloe ol 
limtar 

1. 

Wm4engtli. 

Obterred ratioi 

m 

BfttSo of tunii, 

»i/». 

ohma. 

atnpi, 

metres 



8*0 

1 a 

150 

100 *16 

100*0 

80 

1*2 

800 

100*6 

100*0 

60 

xo 

1600 

100 0 

100*0 

80 

1 2 


100 4 

100*0 

80 

20 

6000 

100*6 

100-0 

80 

60 


100 6 

100 0 

1 4 

6*8 

6000 

100*6 

100*0 


From Table III tt will be seen that this little ttansfoimer, althoagh very 
simple in oonstruqtion, gives excellent resuUs, the ratio Ii/It rematnmg very 
constant over the very extended range of fieqnency, and bmng also very nearly 
equal to the ratio of the secondary to the iffimary turns. Tests at X sa 6000 
showed praotioally no vanabon with current. The last line in the Table 
refers to a test made with a Duddell portable thermo<ammeter in the 
secondary cirouit , the result is identical with the others, which are for an 
6<ohm heater with thermopile and galvanometer 
Example 2 * The same core with 200 turns was tested with a single 
primary turn formed by a stranded conductor passing centrally throi^ 
the ring and split' up and brought back in two symmetncal loops. Era 
wave-lengths of 150, 800, 1600 and 6000 metres the current ratio (Xi/Xi) 
was found to be 201*0, 200*0, 202*6, and 204*2 zespecdiv^. As m^t be 
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expected, it u not so easy to arrange a single pnmaiy tom to give such 
a good result as with two or more toms The central condnctor mifdit 
with advantage be split up into a considerable number returning back 
symmetrioally in loops If the current to be measured is in a long straight 
conductor, the iron core with the secondary winding can be shpped over this 
in the way familiar with low frequencies. 

Example 3 * Fair results were also got with a transformer having a oore of 
thm silicon-iron wire (0 125 mm diameter) The primary and secondary 
turns were 2 and 900 respectively, giving a nominal ratio Ii/Tj of 450 
Approximate measurements gave the following results : — 


Table IV 


WaTe-length. 

Tarmtion from nominal ratio 

metres 

per cent 

ISO 

—8 3 

800 

+ 8 8 

1676 

+ 0 8 

6000 

-0 4 


Mtamremmt of Very Small Curmvts . — Transformers may be used in 
measuring small currents to transform a small current up to a laiger one, 
which a given instrument may be capable of measuring. Of course, the 
effective resistance of the combination is larger than that of the instrument 
alone in a somewhat greater ratio than the (Is/Ii)* In praotioe it is 
difiloalt to avoid also introducing considerable self-mdnctance, as the 
secondary winding is not sufficiently short-circuited to annul all the primary 
effective self-inductance At the higher frequencies this self-mductance maybe 
objectionable If too extreme ratios, however, are not attempted, a properly 
transformer may be very useful, as the following example shows. 

Ttvs-mple 3 : A small transformer with iron oore similar to that of Example 1 
had El B 200 and Ni a 80 Working on an 8-ohm heater the ratio Ii/Is, 
wluch should have been 0‘400, showed the following variation < — 


Table V. 


WaTe*lengtb 

Tanation in 

notrei. 

per eent 

480 

-lO 

1800 

+4-8 

6000 

+47 
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In combination with a Boas yaoulin^ themojunotion of 2^ ohms leawtsnoe, 
5 milliamp^res gave a deflection of 500 mm at 1 metre, the galvanometer 
circuit bavmg a resistance of 17 ohms 

No doubt thinner sheets or wire for the cores would be an improvement, so 
as to allow the permeability to nse and give a higher value of I 4 , which is 
always desirable 

Oenend Conelnnms. 

It 18 evident from our experiments that properly designed air-oore trans* 
formers, when used with due care, m conjunction with thermal ammeters, 
afford a simple means of measurmg currents of the order of 1 to 50 amjAree 
with good accuracy at frequencies from 50,000 up to 2,000,000 '^per second. 
Iron cored transformers, which have some advantages in ease of construotion, 
can also be designed to fulfil the same purpose and to give very satisfactory 
results. To a hmited extent both types are useful for measunng veiy small 
high frequency currents 

In conclusion, our best thanks are dne to Dr B T. Glazebrook, our Direotor, 
for his kind interest and help in the work 

Apfbkoix. 

On the Sehavumr of an Immerted Hmter, 

The behaviour of a thermopile (or more simply a pair of thermojuncdons) 
near a heater wire in oil has already been described for a particular relative 
position of the heater and junctions. The general acbon seems to be that the 
upward stream of hotter liqiud nses more quickly (perhaps widening out) is 
the heating current is raised ; thus the temperature indicated by the thermo* 
junction IS not proportional to the squats of the current, but is considerably 
less. With various relative positions of heater and junctions very cunoos 
curves can be obtained, for example that shown m fig. 4. 
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With the positaona as in a, he, the temperatare difference, tint liaea and 
then fidls off to zero, becomes slightly negative, and then rues again, as the 
ourrent u gradually raised 

It 18 very interestiDg to watch the behaviour of the heated liquid by projeo* 
tion with a strong light. Figs. 5 and 6 (Plate 10} show the stream for currents 
of 0*6 and 2 amperes respectively, the heater being horizontal and perpendicular 
to the plane of the picture, and the objective focussing a plane slightly nearer 
the screen than the heater was It will be noticed that with the higher 
currents the hot stream keeps extraordinanly straight and uniform even right 
up to the surface of the liquid * In fig 7 is shown the wave set up when the 
current (2 6 amperes) is switched on 

In our earlier experiments we observed a curious effect after boiling had 
taken place (even momentarily) when the current had been reduced to a 
lower value, the galvanometer reading was much too low, but normal 
conditions were restored if the current was reduced to 0 and then raised to 
the required value 

The experiment recently exhibited by Mr C. W C Crawley and 
Dr. S W. J. Simthf explains this strange behaviour perfectly, for they show 
that when the current is reduced from the vaporising value, a little babble 
keeps oscillating along the wire, going slower and slower as the ourrent is 
farther lessened, and at last leaving the wire when the current is small 
enough. As long as the babble is on the wire, the agitation it produces m the 
liquid causes large reduction in the temperature difference indicated by the 
galvaiMmieter, and accounts for the anomalous readings. Fig. 8 shows the 
appearance of the hot stream when the bubble is oscUlating along the wire. 

* Ws nay nMUtioa tiiat the vliooelty of the paraffin oil alters very mndi with change 
of teaqwrat n its beuig about 0*015, 0*017, and 0*014 (G.G 8 units), at 10% 80% and 00* C 
resgeStltely) tlM eonespoading dsnaittes being about 080^ 0*70,aad0770 

t •fiqraae(LPsee„'19l4. 
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On the Cond/w^ivity of Salt Vdpoure. 

By S. J Saijindtk 

(Communicated by Prof Sir J J Thomaon, O M., F.R S BeodTed June 5,— 

Bead June 26, 1914 ) 

It has been shown by Beattie,* 6arrett,f and Garrett and Willows^ that 
wlien certain salts are heated up to 300-400* C one can observe the discharge 
of positive and negative electricity Tins phenomenon is observed more 
particularly in the case of the halogen salts of cadmium, zmo and ammonium. 
The researches of Schmidt§ and Sheardll have shown that the disohaige is 
due to two factors, (1) emission of the charges from the surface of the heated 
salt, and (2) to the conductivity of the salt vajiouxs themselves. The 
thermionic effect of the above-mentioned salts was studied in detail by 
Prof 0 W BichardsonlT and his pupils, while some mveabgations of the 
electrical properties of the salt vapours were made by Schmidt m the 
papers referred to above The object of the present research was to 
mveetigate the influence of the temperature, water vapour, tune, etc., on 
the current passing in the salt vapours. 

The Thtrmvmo Effect of the Salt and the Conduetmiy of the Salt Vtqxmn. 

Some experiments were earned out m order to test whether the oon^ 
duotivity of vapours is due to charges which have difiVised to other parts 
of the apparatus from the surface of the heated salt For this purpose 
the vapours were investigated after passing through a oylindncal condenser 
m which the electno force was strong enough to sweep all charged psrtides 
to the electrodes The apparatus used consisted of a small bulb A (fig. t), in 
which the oadmitim iodide was placed. The vapour at first pasaed through 
the plug of glass wool B to stop the large ions which might be prodooed 
dunng the heating of salt, then entered tiie condenser Ei, where the emallmr 
ions could be removed by the electno field. The outer coating of the 
condenser Ei was obtained by platinising the inner surface of the i^ess 
tube with a " liquid platmum " (from Deuteohe Gold und SUber Soheide 
Anstalt) and was connected to earth. As the inner coating at the 

* Beattie, ‘PhiL Mag ,’ vd 48, p 87 <1898X 
t Qarratt, ‘PhiL Mag.,’ («}, voL 13, p. 788 (1907) 
t Garrett and Willowi, ‘Phil. Mag ,* (6X voL 8, p. 437 (1804), 

8 Sohmidt, • Ann. A Fhjrsik,' (4), voL 86, p. 401 (18U),aiiid (4),v«L41,p.673(18UI); 

II Sheard, ' PhiL Mag ,’ (6^ voL 86, p. 870 (1813), 

Y 0. W Biohardeoa, ‘ PhU. Mag.,’ (8), voL 88, p. 468 (1813), 
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oondeiuer a glaas rod oovored with the sAme sabatanoe was lued, and was 
oonneoted by a platinum wire with the souroe of electromotive foroa 
For measarmg the ionisation of the vapours a second (qrlindnoal condenser 
Ks was used. It oonsisted of ui outer eartiied platinum tube about 10 cm. 
long, in the axis of which a short platunuu tube was fixed, the latter being 
connected to a gold leaf electroscope Prehminary experuuents were first 
made in order to test the action of the condenser Ki For this purpose Uie 
bulb A was replaced by an open tube in which 
was placed a fine platinum stnp which could be 
heated by on electric current The tube D was 
connected with a water pump, and thus a stream 
of air was obtained which carried the ions 
emitted by the hot platinum upwards. When 
the electroscope was charged up to +200 volts, 
and both coatings of the condenser Kj were 
eartlied, it was found that the potential of the 
leaf fell 2 volts m five seconds. It required, 
however, about 90 seconds to fall the same amount 
when the inner surface of the condenser Ki was 
charged up to ±200 volts. It follows, therefore, 
that by tbu arrangement it is possible to stop 
practically all the ions entenng the condenser Ki 
To test if the ionisation observed m the salt 
vapours is due to the surface efibot, the bulb A 
was filled with 6 grm. of cadmium iodide, the 
whole apparatus was exhausted by cooled char- 
coal to the pressure 10'* mm of mercury and 
heated in the electric furnaoe to 298^ C When 
the current in the upper condenser became 
constant the inner surface of Uie condenser Ei 
was charged up to 200 volts as in the previous 
experiment, and the current in the condenser K* 
was measured during aboiM: 16 rmnutes The 
difibrenoe between the readings with and without Ki charged did not exceed 
the eStor of the experiment Therefore we may conclude that the ionisation 
observed in the vapours is mostly due to tiie process which is going on in tiie 
vapours themselves, and is practically independent of the emissicm of duttges 
from the surflaoe of the heated salt It may be renmrked that Sheatd 
(fie. 6it.), working with apparatus of diilbrent ocmstruotton, came to tin same 
eonelosicn. 
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Ivfivmet of Water Vapottr. 

The influence of water on the eondnotivity of salt vapoora has beat 
studied by various expenmenters, but the question is not yet definitely 
settled, Garrett, in the paper referred to above, noticed that when oarefully 
dried zmo iodide was heated, no leak was observed , be therefore came to the 
conclusion that, in the case of this salt, water vapour u necessary for the 
production of ionisation. Quite recently Dr Willows* again called attention 
to this point Schmidt {loo ett.), however, observed no difEerence between 
the conductivity of salt vapours in dry air and in the air which had been 
passed over boihng water 

To decide this important question the infiuence of water on the conductivity 
of sait vapours was studied in the following apparatus (fig. 2) The vapours 



Fi0. S. 
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were inveBtigated in the tube A (12 mm. diameter), which was connected 
through the tap C with a manometer, pump and charcoal tube The salt was 
placed at the bottom of the tube and at a distance of 4 cm two platmum 
plates were fixed (1 5 sq. cm. surface, distance between the plates s 0*6 cm.). 
One of the plates was connected to a Wilson electroscope (12*5 divisions per ' 
volt) and the second kept at the potential — 200 volts Prehminary experi- 
ments showed that, for the same potential dififorenoe, the current obtamed was 
much smaller when the potential was applied for a long time than m the case 
when the electrode was charged only durmg the measurements Therefore, 
to keep the conditions steady, the plate was always connected with one pole 
of the storage cells. The water was placed m a small bulb B separated 
from the mam apparatus by the tap L. (The upper part K was not used 
in this experiment) The lower end of the apparatus was placed in the 
electric furnace. To free the bulb of air the water was frosen with liquid 
air and the whole apparatus exhausted with charcoaL The stopcock L was 
then turned on and the ice allowed to melt. 

At first an experiment was made m order to test whether Uie presence of 
the water vapour had any action on the insulation. For that purpose the 
empty apparatus was exhausted and heated up to about 280° C , then the 
stopcock C was closed and L opened The observatbns showed that after 
about 16 minutes a small conductivity over the surface of the insulation 
appeared, but m any case this current was negligibly small m comparison 
with that which was obtained when the tube was filled with salt vapour 

The mfiuenoe of water was tested for the salts cadmium iodide, zinc 
bromide, zinc iodide, potassium ohlonde, and potassium iodide, and the 
results obtamed are set out in Table I, p 638. 

In the case of oadmium iodide 1 grm was used and the apparatus 
exhausted to 10*** mm. of mercury and heated up to 264* C. In the case 
of anc bromide 1 grm. of the salt was placed m apparatus and kept one 
day m charcoal vacuum to liberate all water vapour, which is known to be 
very easily absorbed by this substance. The preesure was 1 6 . 10~* mm. and 
the temperature 236° C. 

For jono iodide 0*3 gnn. was dried four days in a ebarooal vacuum. The 
tempetatare was 270° 0., and the piesnire at the beginning ot the obswva- 
tions was 3. 10-* mm. AU the salts were obtained from Kahlbaum. 

As may be seen from the Table 1 water vapour bas a very marked influenoe 
ou Uie oorrent passing in the salt vapours. The greatest iniwease of the 
cendnetivitF ^ observed in the case of zinc iodide, whi^ is also the moot 
hygrosQopio substeaee of tiioee investigated. The ourioos point is ttuA ihe 
greatest eonduotivity is observed when the reservoir with the water » cut 
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* Ai%itmi7 unite. 


off and the water vapour begina to get abeorbed by the bharooal and 
phoephoruB pentozide This phenomenon may be due to the fhot that t&e 
oonduotivity of the salt vapours depends not only on the presence of the 
water, but also on the pressure of the gas fllHng the apparatus It was 
shown by Sohnudt that increase of pressure diminishes the ounent It 
may therefore be expected that the rapid absoiption of water vapour will 
be accompanied by an increase of the current 
Of the salts which do not show any conductivity when heated, potassinni 
chloride and potassium iodide were tested. It was especially interesting to 
test the influence of water vapour on the last substance, as H. A. Wilson* 
observed a large current when a solution of XI was sprayed into a hot 
platinum tube (270* C.). Qanett, howevw, noticed no leak whmi the dxy 
salt was heated to the same temperature. The experiments with thu 
substance were osrned out vritfa a somewhat different arrangement The 
Wilson ^ectroscope was replaced by a quadrant electrometer giving 
60 divisions per volt The watmr vapour was absorbed by a tube immersed 
in solid carbon dioxide, and for measuring the ouzreat a small cjUndrical 
condenser was used instead of the two platinum plates; 8 gntcf KI 
were pieced in the tube A and heated for two hotne at a tempetafwre Of 
808* 0. The a^taratus was exhausted with a Gaede pump to am. 

* B. A. Wilson, 'Phil Tnas.,* A, vri. 101!, p 410 (ISOl). 
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The outer tube of the ooadenaer was charged to +100 volts, and the iouer 
was conneoted with the eleotrometer At the eommenoement of heating a 
small leak was observed, whidi did not persist long, however, and the eleotro- 
meter became perfectly steady When the stopcocks L and C were opened 
and a stream of water vapour was admitted mto the tube A a oonsiderable 
deflection was noboed (five divisions in ID 8eooads)i When the stopeoek L 
was closed the current disappeared also. The phenomenon was repeated 
several times with identical results. 

Potassium chlonde was tested in tlie previous arrangement (with the 
Wilson electroscope); when the dry salt was heated to the temperature 
303** C at a pressure about 10~* mm. no current was observed as in the 
of KI In the first moment when the water vapour was admitted the gold 
leaf showed a small and irregular movement, this current, however, 
diminished gradually, and in a few imnutes the water did not produce any 
leak Very hkely the initial mcrease was also due to some secondary efibcb 

Change of Conductimiy vnth the Ttme. 

This question has been the subject ot many investigations Oarrett has 
shown that the conductivity produced by heated salts mcreases for about 
20 minutes up to a certain maximum and then b^ins to fall The relation 
between the current and the time was found to be expressed by the formula 

♦ B A(e-*^-«-M), 

where A, Xi, and Xt are oonstanta In his last paper Sohmidt suggested the 
idea that the decrease of conductivity is due to two factors (1) to the 
diminution of the surface of the salt during the heating, and (2) the change 
of concentration of ions due to their removal by the electric field 

The experiments described in the previous paragraph show that the 
water vapour has enormous influence on the current passmg m the salt 
vapours. It was interesting, therefore, to test if the initial stage of con- 
ductivity is not dso complicated by water vapour, which is usually absorbed 
by the salts and liberated during the heating. For that purpose some 
maasarements were made in conditions when all possible care was taken 
to get rid of traces of water vapour present in the apparatus Cadmimn 
iodide was used for this, as it does not contain any water of crystal l isa t ion, 
and tiierefora one can remove the water vapour absorbed by suit by 
easeful dryiiq; in vaeuo. The apparatus described m the previous pnzagraph 
was used for the measurements. To have a supply of the dry air the bulb B 
was replaeed a larger reservoir, in whidi the air could be kept m preamce 
ot pbesphorus pentmnde. To follow in more detail the initial stage of 
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conductivity, the salt was not heated together with the tube A, bat it was 
placed in a small glass spoon D, whence it could be thrown into the 
apparatus by turning the ground glass oonneoUon G Two seta of measure- 
ments were made with cadmium iodide — 

1. The salt was placed into the spoon D, the apparatus was exhausted to 
0 75 mm and immediately heated 

2 The apparatus with cadmium iodide in the spoon D was exhausted with 
charcoal to about 10"* mm. and kept at that pressure for about five hours. 
The apparatus was then filled with air which had remained a few days m 
contaot with phosphorus pentoxide. By openmg the charooal tube the 
pressure was then reduced to 0*61 mm. The readings obtained in both oases 
are given in Table II and m the diagram, fig 3 


Table IL 


Not diiod 1 tempmtnro 

871® 0. 

Diiedf temperature *■ 888® 0. 

Time. 

Current 

Preeanre. 

Time 

Current 

Preaaure 

mm 

0 0 

Salt thrown down 

0*74 

min, 

0*0 

Salt thrown down 

0*51 

8 1 

4 6 

0 e 

6 6 

1 86 

ConatH* 


6*7 


10*0 

4 8 


9 6 

... 

0*88 

IS *7 

7 1 


18 5 

81 *0 

0*79 i 

88*0 

6*7 


81 8 

60*0 

0*766 

86*0 

70 



40*0 , 

0*76 

48*0 

6*7 


89 6 

89*0 1 

0 76 

60*0 

6*7 


47*0 

84*0 , 

— 

58*0 

6*7 


66*0 

80*0 

0*76 j 






Vis. S 
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The ourre obtained m the fint oaee (fig 3, a) does not di^ from tiiose 
obtained by the previous investigatorA if we take into aooount that the initial 
increase is due to the heating of the salt and to the diffusion of the vaponrs 
to the upper parts of the tube On the contrary, the current obtained with 
dry salt and dry air is practically constant. It is interesting to note thait, 
although cadmium iodide is not supposed to be very hygroscopic, nevertheless 
it liberates during the heating a considerable amount of water vapour, as will 
be seen from the change of pressure during the experiment. In a few mmntes 
after throwing the salt into the tube A the pressure increased from 0 74 to 
0*9. After that it began to decrease, and after about half-an-hour reached its 
initial value. 

Further experiments with cadmium iodide were earned out in a high vacuum 
obtained by the cooled charcoal method It was expected that when the salt 
remained for a longer time in a very high vacuum and the gases liberated 
during the heating were instantly removed, the current passmg through 
the salt vapours would be more constant For this expenment 1 grm of 
cadmium iodide was kept for one day m the highest vacuum obtained by 
charcoal, the apparatus was then heated and the salt thrown down The 
readings obtamed are shown in Table III and hg 4. 

During the last experiment the charcoal tube was open all the tune and 


Table IIL 


Tism 

Tempmtufo 

Oumnt 

min 

0 


70 

8670 

36 

IS 6 

8670 

81 

JLQ 8 

867 6 

46 

890 

868 0 

62 

89*6 

8680 

68 

60*6 

8600 

66 

66 6 

868 0 

60 



Fra 4. 
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the pressura of air remainiag in the appwratoa was about 8 x 10~* iQia. The 
electrode was charged the wbole^time to •»20Q volts. The foroaoe was heated 
by the main battery of the laboratory and it was difficult to keep the 
temperatare of the apparatus more constant. We may Umrefore regard the 
currents obtained after 20 minutes' heatmg as praotmally constant. 

Thus in the case of cadmium iodide it seems possible to obtain a laitjy 
steady current m the vapours when the salt is properly dried Similar 
experiments were made with zinc iodide and ano bromide, but the influence 
of drying was not expressed so distinotly as in the previous case. It may be 
that such a definite result could be obtained with cadmium iodide because 
this salt IS not very easily volatilised and the change of conductivity due to 
the diminution of the surface of salt does not play a very great rdfe. 


InfiueDm of Temperaturt, 

The influence of change of temperature on the condnotivily pgmduced by 
heated salts was tested by Garrett and by Schmidt. InGairett’a experimmite 
the salt was placed on one of the plates of the condenser and heated by an 
electric furnace surrounding the whole Thus, the ourrent passing between 
the plates was due to the emission of the charges from the surisoe of the hot 
salt and to the conductivity of vapours. The component of the ourrent due 
to the conductivity of vapours was complicated by the change of pressure of 
the salt vapours Garrett observed that the current varied with tiie tempera* 
tore according to Biohardson’s law, and it therefore appears probable that m 
these conditions the thermionic effbot of the salt plays the chief t6U. Further 
measurements of the temperature effect were made by S^uudt, who observed 
that the conductivity inoreasee with temperatare, at first slowly and then 
more rapidly. Schmidt’s arrangement allowed the conductivity of the vapours 
to be measured. However, in his experiments also the constancy of the 
pressure was not taken mto account and therefore the rapid increase of the 
ourrent might have been due to the change of density of the vapoots. 

The following set of measurements was made m the omiditions where tiie 
temperatare of the vapours could be varied mdependently of the temperatoie 
of the salt. 

Two grammes of oadmium iodide were placed on the bottom of a glass tube 
(about 1*7 om diameter) and heated m the eleotrioal fumaoe to 209** 0. At 
the distanoe of about 20 om. a oylindnoal oondenaer was placed, oonaiatiiig of a 
platinum tube 10 ora. long and 2 om. in diameter, in the oentre of whidi waa 
fixed a narrow platmom tube 2 om. long and 2 mm. m diameter. The outer 
electrode was charged to —200 volte and the iaanroae oonatoted to a Wilum 
eleotrosoope The upper part of. the tube was surrounded by a aaoand 
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electrical furnace in such a way that the -vapour passed a distance of about 
16 cm. in it before reaching the condenser so as to acquire the temperature of 
the second fhmaca The whole apparatus was exhausted and the salt was 
kept for one day in a charcoal vacuum. During the experiment the pressure 
was 6 X 10~* mm In Table IV the measurements the cunent at the various 
temperatures ate given. It was found that the logarithms of the current 
are in a linear relation with the reciprocals of the absolute temperatures of 
the vapours (see fig 5, a). Therefwe the connection between the current s 
and the absolute temperature d may be expressed in the followmg form 

t = ««“'/* (1) 

where a and b are constants. In the top column of Table IV the absolute 
temperatures calculated according to the formula 

t ss lOSiSe-MSKiov* 

are given The agreement with experiment is fairly satisfactory. 


Table IV 


Abaoltite ietnMratuM of Tapourt— 
Calculated 

ObeerYod 

4d7 

48a 

602 

409 

nil 

511 

622 

628 

682 

688 

660 

648 

662 6 
660 

Onmitt In arbftnuy unite 

2 78 

10 6 

21 5 

64*6 

129 

676 1 1460 


To follow the connection between the current and the temperature over 
longer intervals some modifications were made m the previous arrangement 
The tube containing the salt was made of fused quartz (diameter 1cm) placed 
horizontally and joined to the apparatus by sealing wax cooled by a copper 
jacket. For measuring the temperature of the furnace an iron>constantan 
thermO'Oouple was used. It was mentioned above that the electrodes placed 
in the vapours were connected continuously with the source of potential to 
seoute greater constancy of readings. As the increase of temperature produces 
a new concentration of ions it was necessary after obtaining the steady 
temperature to wait a certain time until the equilibrium was reached. Aa 
this prooesB goes fairly slowly it was not possible to take readings at many 
temperatures, otherwise the conditions would not he identical The reanHe 
ditaiasd in this anangement with Znit, &Bri, and Cdla are to be eeen in 
the Ts^ Y or on the diagram, fig 5. 

TIi dieorepanoy between ^ oaloulated and obeerved temperatnree is scnne- 
wfaat greater in this ease than in the prevuras one. This disegreement may 
be fine to the variation of prasenM of the sslt vapours daring the experhnent, 
xor-A. 2 z 
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T»bJeV 


Zino iodide 

Teznpentare of Mtlt, 207” 0. 

SBItae bromide 

Temperature of lalt, 271” C 

1 1 . .. 1 f 

Cadmfaim* iodide 
Tempemtore 61 lalt, 266^ C 

Current 

Absolute 

temperature 

Current. 

aiNolttte 

tempMwtnM 

Ounent. 

Abeolute 

tempemture 

Obserred 

Oalott- 

lated 

Obserred. 

Oalott« 

lated 

Obserred 

Calou* 

lated 

7-4 

646 

541 

lO 

670 

676 

1*4 

646 

666 

88 B 

588 

681 

10*0 

686 

0X7 

2*66 

688 

678 

625^ 


688 

62*6 

688 

671 

16*7 

620 

681 

2778 0 


67e 

2270*0 

766 

777 

66*6 

6B0 

677 

80000*0 

784 

777 




566*0 

761 

784 



which takes a considerable length o( tune (abont 8 hours). Anyhow the 
Imear connection between log % and 1/8 may to aocepted as a first aiiprozima* 
tion The following formuto were need for oaleulation of absolute tem* 
peratures in the above Table , 

Znls ; t m iQWWe-iw^iov*, ZnBf • m 
OdI,: t' » 

In the previous experunents it was shown that the eotobothrity in the 
salt vapours is mostly due to the processes which ate gob^ cn in the 
vapours themselves. The question now arises whether the chserved 
conductivity is doe to the volume ienisatiai df ihe vapmns er to tiie 
ohemical action of vapours on the platinum eleotroden. An att|iBi|lt mpi 
made to decide this point. Ihe tnbe» with a sam^ of eacbitinm iodide, >isrie 
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placed horizontally, and the current paBsing between the plates was 
tneaenred. One of the electrodes was then removed and coveted witli spinigy 
platinum powder, so that its surhme was greatly increased, while the vdame 
of the vapour between the plates remained practically constant Thetefcro, 
if the observed ionisation was due to the surface effect it might have been 
expected that the current would be much strongor than in the previous case. 
However, the results showed that the current obtained with the spongy 
platinum electrode was of the same order as m the previous case, conse- 
quently this experiment seems to show that the conductivity is chiefly due 
to the volume ionisation. 

If we assume that the conductivity of vapours is due to their electrical 
dissociation, we may easily calculate the work required to ionise one molecule 
of vapour, applying the formula of van’t Hoff* 



where g is number of calories required to dusomate one gramme-molecular 
weight of vapours, Xi and xa are ratios between the number of dissociated 
and neutral molecules at the temperatures Ti and T» Calculating in this 
way the energy required to ionise one gramme-molecular weight of vapours 
and dividing it by the number of coulombs required to electrolyse one gramme- 
equivalent weight of any substanoe, we obtain the following values for the 
ionising potential of different salt vapours. — 

g w (volts) 

Cadmium iodide .... 44x10* 1’93 

Zinc iodide 62x10* 2*72 

Zmc bromide 6 8 x 10* 2 97 

These values are much less than the corresponding potentials for gases 

7<mtia(ton and Ihitoeuxtion 

It is known that the salt vapours studied in the foregoing experiments 
ixe easily decomposed. It seemed interesting, therefore, to test other 
■ubitanoes the vapours of which are dissociated at high tempezaturea For 
that purpose phosphorus pentabromide and sulphur dichloride were tried. 
Ttw first compound is dissociated at 100° C and the second at 64° C. 
ejqpetimants were carried out in two different arrangements The first 
eginpeeatiue ocosisted at a smell tube with two platinum deotredes, one 
whiob wee charged to 100 volta, and the second ixmneeted wi^ a quadrant 
elsetitametsr. A small head at phosphorus pentabromide was {deosd inside 

* S. A WUwii, 'IhlL Tnaa,’ At voL 197, p. 41S (IMIX 
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the tube, which was than exhausted with a Qaede pump and sealed oft 
The tube was placed in an oven, which could be heated with a Bunsen 


s earth 



Fio 6 


burner In the second arrangement the substance was placed in the small 
vessel A (fig 6), which was placed in an oven, the temperature of which 
could be regulated The vapours emerged through the tube B, passed 
through the spiral, and came into the tube D, in which were placed two 
electrodes, one of them earthed, and the second connected with the electro- 
scope, charged to about 300 volts. The spiral and the tube D were placed 
in the eleotnc furnace, so that the temperature of the vapour could be vaned 
without changing the temperature of the substance itself 

The experiments earned out with both arrangements have shown that the 
vapours of the above-mentioned substances do not conduct the eleotnc 
current when the 7 are dissociated by heat This negative result shows that 
the dissociation cannot be regarded as the cause of the ionisation 

Summary* 

The experiments described show — 

1 The conductivity of the salt vapours is due to the processes occumng in 
the vapours themselves. 

2 The vapours of carefully dried salts conduct the electnc current. 
Therefore the conductivity cannot be ascribed to the chemical action of 
water vapour on the salt vapours However, the presence of water vapour 
increases the current passing in salt vapoura 

3 When cadmium iodide was very carefully dried, it was possible to 
observe a current which was practically independent of time 

* 

* The prelimlBary aooonnt of this pKpet, eontauung tbs raeidts 1, 9, and 9, was read 
before a meeting of tbs Fhysioo*MstiismatiaBl Sootety of Kiev, Ootobw, 181S. 
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4 The connection between the current t and the temperature may be 
expressed with considerable accuracy by the formula 

i SB 

where a and & are constants 

5 The ionising potential calculated from the energy of dissociation is 
considerably less than that for the ordinary gases. 

6 The dissociation of vapours is not always accompanied by ionisation 

This research was earned out partly in the Cavendish Laboratory and 
partly in the physical laboratory of Kiev University. I take much pleasure 
in thanking Sir J, J Thomson and Prof. J J Kosonogov for having allowed 
me to work in their laboratories, and for the interest which they took in 
this research 
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ALEXANDER BUCHAN* 1829-1907. 

Alsxakdeb Buchan, meteorologut, was born at Kinneaswood, Kiarosssbire, 
on April 11, 1829 Of his early days his son, Dr Hill Buchan, wntes — 

" His father, Alexander Buchan, died within a day of my Other's birth 
He was engaged m the weaving trade. His mother’s maiden name was 
Margaret Day Hill She lived to old age They had four children, of whom 
my lather was the youngest, two boys and two girls, who survived to a good 
age, but predeceased my father The sisters lived at home at Kiimesswo^ 

" His brother’s daughter, Jessie Hill Buchan, was for many years, until her 
death in 1905, the greatly esteemed assistant of her uncle 
“ Shortly after the father’s death, the family removed to the neighbouring 
village of Milnathort, and remained there for some years, but afterwards — 
during at least part of my father’s boyhood — ^returned to Kinneaswood 
“ Kinneaswood was then a small village whose sole mdustry was hand-loom 
weaving , but the standard of education and intelhgence among the people was 
very remarkable I have seen old note books kept by some of the villagers 
in beautiful penmanship, which showed that they both read and thought, 
Michael Bruce, the poet, author, of ’The Cuckoo* (so often seen m old 
collections), was bom and bred in the village I have often board my father 
say that some of the ablest men he had ever met were among this class there. 
My fattier attended a local school in Milnathort, I think, but lam not certain 
on this point This education was supplemented by private tmtion m Latin, 
which he got from his minister, Rev Dr. Laird, to whom for his kmdness m 
this matter my father always felt himself to be under a lasting debt. 

“When he went to Edmburgh he entaed the Free Church Normal College, 
which met in Moray House— of many histonoal associations — in the Canon- 
gate This was not a school in the ordinary sense of the term, but a n<m- 
tesidential college for the training of the teachers for Free Church Day 
Schools in Scotland (at that period the Free Church had separate schools). 
The education given at Moray House was veiy good. I do not know tiie exact 
dates of his attendance at Moray House, nor when he entered the University. 
The two courses were sometimes (m part at least) taken at one time I thu^ 
hu Univeniity course may have been taken in two parts, but, again, I am 
nnoertam. 

“ He took the ordinary old regulation Mastmr of Arts course at Edinbnt;^ 
University— Latin, Greek, Mathematics, Physios, Logic and Metaphysics, 
Moral Philosophy, and English Literature He took pnzes m tiie claame of 
Logic and Metaphysics under Campbell Fraser, Moral Philosophy under 
Msodougsll, Mathematics under Kelland, and Physios under Tait. Though 

* This aotios IS based Istrgely upon '* OontribntiwM towards a MasMnal NeSiae of 
Budbaa, MA., LL.P., FB.S.,” 'Journal of dw Seottish Metsorologtoal 
goeisty,* 9rd sensa 1907, voL 14, No S4. 
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not actnallj a student in the Ph^osophj olasa when Sir 'William Hamilton 
held the chair, he frequently went to hear him, and was very much impteeaed 
by Hamilton 

“ He also took out the Botany class, which was not m the Arts ourricnlum, 
under the late Professor Balfour, who became a life-long fnend In 
August, 1858, he accompanied Balfour and some of his more enthusiastio 
students on a walking tout through Switzerland, the chief object being to 
botaiuse the distnct round Zermatt Mr (afterwards) Sir Joseph Fayrer was 
one of the company This was my father^a hrst introduction to the Contment^ 
and left lasting impressiona. 

** He collected a large herbarium in Scotland and STritzerland Botany, 
especially field botany, had great atti actions for him as a life work; but 
tlm vacancy in the Scottish Meteorological Society turned his life in another 
direction. His interoat in field botany continued through life. He never 
seemed to have any difficulty in naming any plant ho saw This knowledge 
extended to grasses, mosses, and seaweeds, of which he made collections. 

*' He held teaching appomtments in schools in Blackford, Bcmchoty, and 
Dunblane (not Dunkeld, as appeared in many papers) At these places he 
extended his knowledge of botany and had also tune for general reading. 
At Dunblane he was Keeper of the Leighton Library, which oompris^ 
Archbishop Leighton's origmal collection as well as modern booka My 
father was very fond of teaching, and it was a great regret to him to 
have to relinquish it on account of throat weakness." 

At Chnstmas, 1860, he left scliool work to take np the appointment of 
Secretary of the Scottish Meteorological Society, which had been founded in 
1855 through the instrumentality of Dr James Stark, head of ihe Statistioal 
Department of the Office of the Scottish Registrar-General. In 1887, he 
was appointed by the Royal Society of London a member of the Meteoro- 
logical Council, which, from 1877 to 1905, administered the Pailiamentaiy 
Grant for Meteorology and directed the operations of the Meteorolqgicfd 
Office 

From the time of his appomtment by the Scottish Society Bnehan 
devoted his life to the work of his office and to meteorological tesearcli or 
discussion, in the congenial society of Sir Arthur Mitobell, David Mdne- 
Holme, the Marquis of Tweeddale, Thomas Stevenson, Sir Jdin Murray, 
and other distinguished Fellows of the Royal Society of Edmbnigh, of 
which he became a prominent figure as labranan and Curator of the 
Museum from 1878 to 1906, and VK^-President. He was Secretary of 
the Royal Society Club, the social rendezvous of the Somety, from 1888 
till hiB death His tall figure, long thin Scottish face, straight, dark, rather 
lank hair and long beard, were associated witii a st^gestum of bnincnir 
about the eyes that made (or sociability and good company “ He worked 
for the love of work." He was, above all. tenaoions and xesoureefuL A 
close friend of Robert Louis Stevenson, his ooUesgue Thomas StevensM's 
s<ni, he bad a profound appreciation for and l^wledge of litnatara, 
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particularly old Engluh poets, dramatists, and histonans He was an ofltoe 
bearer in the Free Church. “ His deeply pious nature, his entire freedom 
from cant of every kind, his liberality ol tiionght, his clear outlook on 
all subjects, always gave the impression . . of a good man.” 

He married in 1864 Sarah, daughter of David Hitchie of Musselburgh, who 
died on May 13, 1900, leaving a son A Hill Buchan, who took up the 
profession of medicine and was his father's companion on many journeys for 
the insiiection of meteorological stations Budian died on May 13, 1907, at 
2, Dean Terrace, Edinburgh, whither he had removed some years previously 
in order to share a house with his son m a position convenient for medical 
practioe He was buried at the Warriston Cemetery. 

In his scientific work Buchan was naturally the mainstay of the Scottish 
Meteorological Society and was the chi^ contnbutor to its journal , aixty-six 
of Its published papers are from his pen. The work of the Society included 
not only the holding of meetings and the discussion and publication of 
scientific papers but also the collection of data, and consequently the 
organisation and superintendence of a network of stations with a view to the 
compilation of a body of meteorological statistics The immediate object of 
this organisation was the regular supply of mtbrmation to the Begistrar* 
General of Births, Deaths, and Mamages, for Scotland for whom particulars 
of all the meteorological elements were required. To these were added the 
weather journals of the Lighthouses of the Board of Horthem Lights, of 
which Buchan’s fnend Thomas Stevenson, the designer of the thermometer 
screen now generally adopted, was engineer, and a separate senes of rtunfall 
stations was wganit^ to do for Scotland wW G J. Symons attempted, with 
oonspionouB success, for the Bntish Isles. Except the lighthouses the 
Scottish stations were maintained by voluntary observers, generally the 
noblemen and country gentlemen, for whom Buchan’s periodical visits of 
inspeotion formed a connection with the Sooiety 

The papers published by the Sooiety were often preliminary to mote 
complete discussions published by the Boyal Society of Edinburgh or to 
publieation m book form. His best known books are as follows 

(1) 'The Handy Book of Meteorology,’ first published in 1867, second 
edition 1868 (Blackwood and Sons), which has become a recognised text-bode 
of meteorology ell over the world. 

(2) ‘Introductory Text-bode of Meteorology.’ 

(3) " Report on Atinospheno Circulation, based on Observations made on 
bo^ H.M.S. OhaVmger and other Meteorologioal Observations,” ‘ Beports 
of ^e Expedition of H.M S. OhaUengtr, Pbysice and Obemutry,’ vol. 2, pert 5, 
1889 (H.M Stationery Office). 

(4) " Oceanic Oironlatbn.” ' CktUUngei Beports Summary of Besslts,’ 
1896. 

(6) 'Bartbdomew’s Physical Atlas,* voL 3, Meteoroli^ (with Dr. A. J 
Serl^rtson), 1899. 

Bueban’s chief work, ' The Atmosphme Circulation,’ is the final form of 
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the discnsaion of observations of pvessure and temperatore collected from all 
parts of the world Of its preonrsor, the work on mean pressure, published 
in the 'Transactions of the Boyal Society of Edinburgh,* 1869, von Hann 
says “ It IS even more important than the celebrated work of Dove, 'The 
Distnbntion of Heat over the Surface of the Earth,’ Berlin (I8o2).*’ It is 
the document which justifies what Buchan wrote in his preface to the second 
edition of ‘ The Handy Book of Meteorology ’ " How that meteorology has 
discarded all pretensions and theories, except m so far aa the latter are Hie 
legitimate result of observation, it has acquired rapid develcqiment and 
estabhshed its claim to be regarded as the youngest of the smenoes. 

" The Cnudlettger volume extends to 347 pages of text, molnding tables 
giving the mean diurnal variation of atmospheno pressure, the mean monthly 
and annual height of the barometer, the prevailing winds for each month 
and for the year, as well as tables showing from the ChaUmger observations 
the deviations each two hours from the meui daily temperature of the 
surface of the sea, from the mean daily temperature of the aif, and from 
the mean daily atmospheric pressure, and a table for reducing observations 
of the barometer to sea-level Thu report is illustrated by a senes of 
fifty-two coloured maps, showing the mean temperature, isobaric lines, and 
prevailing winds over the globe for each month of the year and for the yeai, 
and by two pistes of curves showing deviationB at different hours of the 
day from the mean daily temperature, mean daily atmoqdienc pressure, 
wind velocity, etc 

"Dr. Bateau’s 'Report on Oceanic Circulation, based on Obeervateons 
made on board H.M 8 Chailmger and Other Observations,’ appeared m 1896, 
and extends to thirty-eight pages of text, illustrated by sixteen coloured 
maps, showing the mean annual specific gravity and the mean annual 
temperature at the surface, as well as the temperature at vanons depths 
beneath the surface and at the bottom of the ocean. His paper on ' Specifie 
Gravities and Ocesaio Circulation,’ published m the 'Transeothme ot the 
Royal Society of Edinbiugh,’ 1896, runs to twenty-six pages of text^ 
illustrated by nine maps, showing the qteoifie gravities observed at the 
surface and at various depths beneath the surface of the ocean.” 

Every part ot dunatology is touched upon in the papers contributed to 
the Society, and every port of meteorology represaitable by maps u reptec 
seated m ll^rHiolomew’s Atlas. Dr von Hann in his memorial notice oalls 
special attention to Buchan’s numerous disousuons ot the rdations between , 
the distribution of atmospbono preasote and Umg-oontmusd weariMT 
anomalios as " breaking new ground for a sound advance ot meteonriogy In 
Central Europe." 

Another group of papers which deserves spedal menrion is that iriiioh 
includes the two papers upon the inflnence of weather on moriislily 'from 
different diseases and at different ages, and thooe on influensa and weathsf 
iu London, all of which were wntten in oomunotion with fihr Arifritr 
MitcheU, and Which display a suigulw feliai^ in the grou]^ ot utBtbtioa 
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to elicit unsuspected relationships between phenomena which are indirectly 
connected. 

A celebrated enterprise for which the Scottish Meteorological Society was 
responsible under Buchan’s direction was the observatory at the summit of 
Ben Nevis, the highest point of the British Isles, 4406 feet above the sea- 
level, for which permanent buildings were finished in November, 1883, 
after some preliminary daily observations by Mr Clement Wragge in 
1881 — 82 The buildings were vested m the Boyal Soaety of Edinburgh, 
but the observatory was controlled and managed by a committee of the 
Meteorological Society The observations at the summit were made by 
eye readings at each hour, day and night, from 1883 till the close of 
September, 1904, and, at the same time, observations were made at Fort 
Wilham for companson, until an observatory, with self-recording instru- 
ments, was established there by the Meteorological Council in 1890 In 
1900 it was found that the funds available were msufilcient for contmued 
maintenance of the two observatories, and an appeal for additional assistance 
from Government funds ended in 1905, after prolonged discussion, in a 
misunderstanding, and to the regret of many meteorologists in all countnes 
the observatones were closed The results obtamed fill a senes of volumes 
of the ' Transactions of the Bdjal Society of Edinburgh,* and form a very 
notable example of meteorologicd enterprise and industry , the enthusiasm 
for the collection of data from all parts of the world which was stimulated 
by the successes of Buchan’s first ten years at the Socaely bad led to the 
collection of more material than the actual workers could deal with* 
The Bntish meteorologists of the sixties of tiie last century — ^Buchan, 
Mitchell, Milne-Holme, and Stevenson m Scotland, with Strachey, Galton, 
Baxendell, in England — ^bad grown old or passed away without any apparent 
aucoessors, and in the meantime venous ourcumstances had led to the 
disassooiation of what Buchan had called a new science from the established 
aomnoes as recogniaed by universitiea. There is on that account a note of 
sadness about the close of the careers of the Bntish meteorologists of 
the nineteenth century who survived until the twentieth, among whom 
Buchan had achieved most 

His ments were recognised in many ways From the Soyal Society of 
Edinburgh he received the Makdougall-Bnsbane lifodal m 1876, and the 
Gunning Pnse in 1893 ; Glasgow conferred upon him the honorary degree 
of LLD. m 1887 ; be was eled»d F.ILS. in 1898 ; and in 1901 be was Uie 
firet recipient of the medal founded by the Boyal Metecwologioal Society of 
London in cmnmemoratton of G J. Symons. He was honorary member 
of the Boyel Society of Soienoes of Upaals, the Philosophioal Sooietiee 
of Ofeagow, Manchester, and Emdea, and of the Meteorological Sooietiee of 
Germany, Algiers, Mauntius, end elsewhere He was Preddent 
of the Sdinbttigb Botanical Somaty in 1870-71. 


W.N.a 



SIR WALTER NOEL HARTLEY. 1846-1913 

Walter Noel Hastlev was boro at lachfield on Eebmarj 3. 1846 £ba 
father, Thomas Hartley, was a portrait painter, some of whose works are in 
the collection of works by Yorkshire artists at the York Maaeam, and fais 
mother’s maiden name was Carobue Lockwood 

He was educated privately and in 1863 he went to the Edinbnigh 
University with the intention of studying medicine With this object he 
attended the usual first year’s classes, mclndmg chemistry under Plot Lyon 
Playfair, whose laboratory he also attended Here he made the acqiiamtanee 
of the late Dr Arthur Gamgee, who advised him to devote himself entirely 
to chemistry This suggestion he adopted, and in later years he often 
expressed to me his gratitude for the mterest which Gamgee took and the 
influence which he exercised over his early studies. It was doubtless under 
Gamgee’s advice that he determmed to go abroad to oontinne his studies in 
one of the numerous German laboratones which were already &inoos 
Consequently his stay at Edinburgh did not extend beyond one year 

In the autumn of 1864, Hartley went to Germany with the intention 
of working in Bunsen’s laboratory. Unfortunately, when he amved at 
Heidelberg, he found that every place m the laboratory was already occupied 
In these ciroumstanoes he consulted Bunsen as to what he should do, and was 
recommended by him to Eolbe, his successor in the Chair of Chemistiy at 
Marbuig, Here he spent the winter of 1864-6, and it was as his fellow* 
student in Kolbe’s laboratory in the summer session of 1865 that I made his 
acquaintance, which ripened into a lifelong friendship In later years we 
frequently looked back on the days spent in Marburg as an opportum^ of 
knowing, by living and working in it, the otmditions of student life as it had 
been for generations in a small German university. 

The picturesque bttle town of Marbuig had, in 1865, a population of about 
7600 inhabitants and the University numbered no more than 200 studenta 

According to 'Minerva' of 1913, in the summer session 1912 the 
students numbered 2238, moluding 129 women. It would be difficult to 
express more shortly or more clearly than by these figures* the ohange of 
conditions which has taken place in less than half a omtuiy and m the 
lifetime of one man. 

To spend a year at the 8tudent<age workmg in a laboratory rendered famous 
by the names of Bunsen and Eolbe, and m swdi piotoresque and old-world 
Burroandings, appealed to Hartiey’s scientific and artistic tastes m a way that 
nothing else could. In our intercourse, Marbing mmnories never loet their 
freshness In oontiast to the town, Eolbe's bboratoiy was almost cosmo- 
politan In the Slimmer of 1866 there worked in it four British subjeots, 
four Russians including Menschutkin, afterwards pnrieseor in Petersburg and 
Saytseff, professor in Essan, besides other natimialities, so that not more than 
one*half of the students were of German natumaUly. Eiribe did not intnert 
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himself in hie students outside of their work, but in it ho was painstakmg 
and always illuminatuig His somewhat stiff appearance and manner were 
most conspicuous in his lectures, delivered with all the crisp precision of his 
Hanovenan pronunciation He was called to Leipzig in the autumn of 1865, 
and within a year afterwards Kurhesseu had ceased to exist and Marburg was 
no longor a Landes- Vhwersttai. 

After returning to England Hartley filled several different posts He was 
for some time assistant to Dr Angus Smith m Manchester, and the experience 
which he gained there bore fruit in his later work on ventilation and 
sanitation. He was also for some time assistant to Dr Thudioum when be 
was occupied with the investigation of wines In connection with this work 
he became an enthusiastic student of Pasteur's researches, which were only 
then beginning to attract general attention out of France. Afterwards he was 
assistant to Prof Odlmg at the Boyal Institution, and to the time which he 
spent there be always looked back as the happiest period of his life It was 
here that he did his first great experiment^ rosearoh For it he had been 
well prepared by his work on wine in Thudicum’s laboratory and hia reading 
in connection with it At the Boyal Institution, m constant association with 
so inspiring a personality as Dr Odlmg, and under the same roof with 
Tyndall elatioratmg his work and delivering his lectures on Dust and Disease, 
he found himself in the environment most favourable for the production of a 
masterpiece like his " Experiments concerning the Evolution of Life from 
lifeless Matter '* which was communicated to the Boyal Society by Dr Odlmg 
and was published m its ' Proceedings,* vol 20, pp 140-157 (1872X 

Thu mvestigation was undertaken m order to test the validity of the 
ooncludon arrived at by Dr Charlton Bastian in a paper published m 
' Nature ' of June 30, 1870, entitled *‘ Facts and Beasonmgs concerning the 
Heterogeneous Evolution of Living Things ’* 

According to Hartley the most remarkable case desonbed m this paper was 
that of Experiment 19, in which Bastian gave a drawing of a large organised 
mass obtained from a solution of sodium phosphate and ammonium tartrate, 
whioh had been exposed to a temperature varymg between 146° 0 and 158° C , 
for four hours This organism was seen to grow witiun the flask till it 
attained a certain size, beyond which it did not increase Hartl^ proceeds 
" Now a fact so distinctly stated as the production of an organum, and its 
development to a considerable size, from a liquid contauung notbmg further 
than phosphate of soda and tartrate of ammonia, in a flask from whioh tlie 
air had been most thoroughly withdrawn, and which when containing tiie 
liquid and hermetically sealed, had been heated to so high a temperature, was 
{ai^itting the conditions and performance of the experiments to be faultless) 
an absolute proof of the evidution of living matter ds novo. For mj own 
satisflMtion Z determined to commence a senes of careful experiments' in 
some eases adhenng strictly to the conditions of those made by Dr. Bastiui ; 
hut it vras necessary to devise some refinemmit on the mode of examining die 
liquids expegnmented on without exposure to atmospheno air.” 
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In this research Hartley showed j^rbaps for the first time his extnuaduuury 
resources as an experimenter, which became afterwards so well known. In 
those days the ezpenmenter had to make all his own apparatus, and this paper 
18 worthy of being read for the clever way in which the mnnmeiaye 
difficulties to be met within such an investigation were overoome It will be 
sufficient here to refer to his use of hydrogen gas as a sterile atmoiqihere, in 
which he transferred the liquids from the heated tubes to the slides for 
microscopic examination. 

The tubes ooii taming sodium phosphate and ammonium tartrate were 
heated for a number of hours to temperatures lying between 110° C and 150° C. 
They were then kept unopened at temperatures ranging from 24° to 34° C., for 
different intervals of tune ranging from two months to a year, without any 
form of life being visible m their contents After openu^ the tubes and 
transferring some of their contents, m the stenliaed atmoq^here to the plates, 
nothing living was discovered. When the liquids after prolonged preserve' 
tion in sealed tubes were exposed to air filtered through cotton wool and kept 
at a temperature of 30° to 34° C during the day>tune and not below 24° 0 at 
night, they remamed quite unaltered, a)thoug}i kept for over a month. When, 
however, the hqmds which, after prolonged keeping without development of 
life, were afterwards exposed to ordinary air at a temperature ranging between 
24° and 34° C , they rapidly became turbid and full of living organisms 

Although Hartley thus showed tlmt when he repeated Bastian’s expen- 
ments, taking those precautions which his expenenoe and study taught him 
were necessary to exclude all contamination by the atmosphere, no living 
organisms appeared, and that when these lifeless liquids wera allowed to 
come in contact with unfiltered air, living organisms quickly appeared and 
multiplied, this did not prove that the organisms whiob appeared in Baatian’e 
tubes were not spontaneously evolved m them, because, in logic, it is 
impossible to prove a universal negative , but it did raise the question— is it 
less likely that Bastian was not quite suooeeeful in completely proteotmg hia 
solutionB from oontaot with the air, admittedly a difficult experimental 
operahou, than that living organisms were generated in a stenle liquid by 
some power or process which is not specified 7 

Considered simply as a question of probability the chance the aooidental 
contamination of the contents of the tubes by air » so much greater than 
that of the production of life oat of lifelese matter, which had never brfore 
been obeerved, that it must be accepted aa equivalent almost to a certainty. 
The publication of this paper was delayed iot nearly a year by a very serious 
illness, to which Hartley nearly succumbed. 

In the year 1871 Hartley became Senior Pemonstrator in the laboratory 
of King's College, London, under Prof. Bloxam, where he remamed until 
1879, when he was made Professor of Clmnistry in the Boyal Oollege of 
Science, Dublin. In 1862 he married Uary Inlbn, the w^-known wx^er 
of Irish fiction, and daughter of the late Miohael Laflhn, of Blaehrneir, 
. 00 Dublin Among her most sueeessful books may be mted 'fisfin, 
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and 'Flitters, Tatters, and the Councillor' He lemained in Dubbn until 
he was retired under the age limit, when he received the honour of Knight- 
hood While at King’s College he did inueh important original wmk, 
including hts remarkable researches on the fluid cavities m mmerals, m 
which he was the first to utilise Andrews' disooveiy of the onbcal pomt of 
gases for the determination of the nature of the liquids found in even 
microscopic cavities The experimental method which he devised for this 
puriiose w'as, as all his methods weie, simple, ingenious, and eflbotive 

It was wlieii lie had finished this work, and while still at King's College, 
that he began in earnest the spectrographic studies which he pnnued to the 
very end and by which he is principally known * 

The value attached abroad to his work m this field is well shown l^ the 
invitation extended to him by Prof. Kayser, of Bonn, to write the part 
relating to absorption spectra in his well-known ‘Handbnoh der Spectro- 
Bcopie,' 1905 In the preface to the third volume he wntes “ Das dntte 
Kapitel dauke ioh Prof W N. Hartley in Dublin der mehr als alle flbrigen 
Forsoher zusaromen ilber die Frage des Zusammenhanges zwischen Constitu- 
tion und absoiption gearbeitet hat, und der mir daher in erster Linie 
berufon schien eine zusammenfassende Darstellung zn geben, etc.” If 
Hartley’s work liad been confined to absorplaon spectra this would be 
Bttfilcient testimony to its value for the present purpose * but this was only 
one part of his spectroscopic work, and, though important, perhaps not the 
most important part of it lam indebted to Dr W. £. Admiey, who was so 
intimately associated with Hartley, for a summary of lus speotaograpfaic 
work m general It is taken from the report submitted by Dr Adeney to 
Ae Senate of the Boyal University of Ireland m support of a motion to 
confer on him the -degree of D So. honona eauta, 

” Prof. Hartley discovered a method by which, with nnaohromatised lenses, 
he was able to photograph entire spectra on a single plate moluding red rays 
and these far m the ultra-violet. He was the first to apply dry plate 
photography to the purposes of studying spectra in 1877 Dunng the 
Buooeeditig twenty years he earned out a senes of researches establishing the 
relationship between the molecular stouctnre of carbon compounds and thdur 
absorption spectra. He has applied the knowledge thus eequiied to deter- 
mining the molecular constitution of complex organic substances, tiw 
identification of poisonous alkaloids, an important matter in medico-legal 
analysis, and to the solution of vanous difficult and abstruse problems m the 
subject of orgame chemistry. 

" He demonstrated the physical relationship of sndi denvatives of coal 
tar as henaene and naphthalmie to the brilliant dyes which are derived from 

* ItismoretfasnprobabJsthatlihsfiBdbgcf MveisipieoMof theaiiiiatatusiiaedstan 

eturifisr date in tinilsr woik by Dr WiUiaa Allen llUkr finely direoted Harttey** 
sated towarda this line of teioaroh Souio of thia earlier photogmidile mpparatno he 
aatuafly enidoyed m hia flitt esperiuMiita at King’# College, and it waa -admi there that 
he got hi* first grant from the fieyal Soeioty for the poipoae of the inveatigatlen. 
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them, and explained that the former Whatauoea, whudi to the human eye are 
colourless, are in reality ooloured, but the vibrations are bo rapid tiiat'tbe 
eye cannot perceive them, though by retarding the vibrations vinble oolour 
18 developed Hence we have colours visible and invisible. He has 
explained the cause of the absorption spectra of organic bodies to be dne to 
their molecular and intramolecular vibrations and has calculated from the 
velocity of hght the mean rates of vibration of the molecules of bensene, 
naphthalene, and anthracene He has studied the absorption spectra of the 
different constituents of the atmosphere, and shown that the abrupt limita- 
tions of the sun’s spectrum, which is short as compared with that of electric 
light, can be caused by no other constituent of the atmosphere than ozone, 
which exerts an extraordinary absorptional power on the ultra-violet rays 

"He was the first to show in 1883 the inter-relationahip of the spectra of 
the elements, when classified according to the penodio law, and by the 
discovery that the spectra of magnesium, zinc, and cadmium are the result 
of three series of harmonic vibrations with similar mtervals, the fundamental 
vibralaons of which differ only in pitch, he was the first to recognise the 
law of homologues in the spectra of the elements. This law was reongnised 
independently in 1885 by Prof J B Bydberg, of Stockholm, and has since 
been elaborately studied by him and by Profs. Kayser and Bni^te. 

" Prof. Hartley’s facts pointed to the conolusion that metallic elements, 
havmg certain chemical properties in common and whose atomic weights 
differ by approximately constant quantitiee, and whose spectra are similarly 
constituted, are molecules of the same kind of matter but in diflforent states 
of condensation 

"He applied his observations to deciding the question as to the true 
position of the metal beryUium in the classification of tiie elements. In 
association with some of his students he earned out a senes of original 
investigations on the spectra of some thirty of the elements and amongst 
the wave-lengths of the spark spectra, whidi he published in om^unotion 
with Dr W. £, Adeney, are those of the Unas due to air, whioh are of 
snofa importance in all spark spectra observationa He devised simple 
and extremely delicate methods of analysis which have led to the disoovery 
of the wide distribution of several rare substances and tA tiieir mode 
occurrence in minute proportions in a huge number of common orea and 
minerals, in meteorites and metallurgical materials and produote. He wae 
the first to discover the presence of the rare earth yttna m any Bntiah 
mineral 

“ By exact investigations on the spectra of the flame seen in the manu- 
facture of steel by the Bessemer process he has shown that tite metals iron 
and manganese are largely vaporised m the operation, whioh la evidenoe 
of the very high temperature attained He took several series of photo- 
graphs of speotrs during intervals of half a minute during the entine 
course of the process, and explamad, from a study of tbnn, ^ dMano* 
chemistry of the changes brought about in the refining of inn. 
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**He has applied the study of the spectra of starch, sugars, and the 
albuminoids from grain, to the decision of questions oonueoted with the 
industries of brewing and distilhng 

“ The work executed by Prof Hartley and Mr Baniage with the great 
spectrometer of the Boyal University, namely, the proof of the existence 
of gallium in the sun, has recently been confirmed in the United States by 
Prot Howland, of Baltimore 

I am much indebted to Messrs. Adeney and Dobbie for supplying these 
notes , it would have been outside my competence to do so 

The bulk of Hartley’s spectroscopic work was done after he went to 
Dublin in 1879, and from that time onwards I saw him only in the 
holidays From 1878 to 1881 1 was fortunate in usually gettmg him to 
spend part of the summer with me while carrying out sounding and 
dredging operations m the steam yacht " Mallard,” which I had built after 
the return of the Challenger ” for the study of the Scottish seas 

Dating the voyage of the Challenger ” Hartley was my only regular 
correspondent outside of my family, and he hardly ever missed a mail* 
In August, 1918, while at Braemar for his health, I had to make the 
voyage to the Cape for my own health, and I asked him to let me have 
a letter fiom him when at the Cape as a remembrance of old tiroea 1 
got the letter, cheerful and hopeful ; but, before I received it, he was no 
more. 

During the long summer days on the West Coast of Scotland he interested 

^ lu BUpplexusnt of the above report by Dr Adeney the following notes regarding 
later work have been kindly supplied by Dr James J Dobbie, F RS — 

*'ln 1898 Hartley commenced a study of the relation between the spectra and 
constitution of tautomeric substances in conjunction with James J Dobbie Isatin and 
carboatyril were first selected for investigation Each of these bodies gives rue to two 
staUe iuethyl<4envatives, one of which had been proved by satufactory chemical 
evidence to possess the * lactam,’ the other the ^ lactime ’ constitution The oonstitutiOQ 
of isatin and carbostynl themsrives, however, had not been determined with oertaintyi 
the chemical evidence pointing partly in one direction, partly in the other By oom- 
panng the absorption spectra of the parent substances with those of tbeir methyl- 
derivatives It was at once obvious that they were practically identical with the spectra 
of the derivatives to which the lactam constitution had been assigned, via methyl* 
peeudo-isatia and methyl-pseudo^carbostynl Convincing evidence was thus aflbrded 
that isatin and carboetyril are themselves Jactams and not laotimes. This method of 
investigation was afterwards apphed to a large number of substances, including the 
ethyl esters of dibekuBoylsucdaio acid, o-oxycarUnil, and phloroglucinol, and baa proved 
a valuable aid to the chemist in tiie study of the obscure phenomena of tautoineniitt. 
U possesses the great advantage over the usual chemical methods of attacking oonstatn* 
tionat problemSt that the possibility of molecular rearrangement ooeurring during the 
ft« fi^diia tarin is practically excluded 

In the course of these Investigations the optical isomerides benaanti- and bena^m- 
aldoxme were examined and found to possess the ssme absorpUon spectra, ^is 
obHurvation has proved toha ct considerable practical value especially in the investiga* 
tioa of alkaloids, as it provides a ready means of demdmg whether two alkdoids havl^ 
tbs mOhe oompoeition and molsottlar weight are structurid or optual uonurideiu” 
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himBelf much in my work, and wasr entertainn^ as well os instrootiTe 
when talking of his own work. His inany>8idedneBS made him a parbonlarly 
interesting companion 

It was during one of these eraises t^at he told me about fais experiments 
with chlorophyll and its absorption spectrum Dunng the expedition of the 
" Dacia ” in 1883, 1 obtained from one of the “ ooeanio shoals,” the dunovety 
of which marked a change of view and of practice in de^i-eea sounding, 
fragments of shell and calcareous rook, coloured green, and, when preserved 
in spirit, the green colouring matter transferred itself to the spint and 
coloured it green On my return home 1 sent the spint to Hartley, 
thinking it would interest him. He exammed it spectrosoopioally a^ 
found that the colounng matter was chlorophyll He then experimented 
on some spint rendered purple by the colouring matter of Holothuxians 
from great deaths and found that this also was a vanety of ohlorophyU. 

This was a most important discovery of Hartley's, for which he has not 
received sufficient credit. It at once explained the colour of the band of 
green water found on the western oceanic shores of continents m tropieal 
regions, where the water is abnormally cold and generally of an intensdy 
green colour. The low temperature and the green colour are ofaaractenstio 
of the abysmal water, which in these regions rises to the snrfooe, in order to 
make good the dram of warm surface water, removed Iqr the Trade wmds 
blowing off shore 

Of equal importance with his work on absorption-speotra was tiiat on the 
spectra of the elements in the oxy>hydrogen blowpipe and its appheabon to the 
study of tlie Bessemer flame. The importance of the latter was vety far* 
reaohing. In all his experimental work the {nrimaiy interest fm Hwtley 
was the trustworthiness of his methods and the exactness of bis results. 
But there were interests for him beyond these All that he did was 
illuminated by his inherited artistio fediug and hy his conception of the 
place which the results of his work would take in general Natund History. 
Hartley was a follower Lord Kelvin, who always used to call faunself a 
UTaturalist He held that Inorganic Natural History is as extenrive and 
as important as Organic Natural History. The importance at his Bessemer 
work for Natural History was fixed m my memory by the picturesque 
account which he gave of a day's excursion from Ualvem, where he was 
staying for the benefit of his health 

The weather being fine and clear, he walked up to (die high ground in the 
neighbourhood, whence there was an uninterrupted view in bie direorion of 
the great centres of the Idtdiand steel mdustry. Thme be aid down and 
waited until, from his fainilianty with the routine m such woiks, he knew 
that the " l^semer blow ” would be started Then one metallic eraptiimi 
after another appeared on the horizon, each fmmii:^ its own "pillw of 
olood,” which gradually drifted over the plain, geftting thinner aS fr ^read 
out, and tiiedding by degrees its metallic contents over the surfaoe ^ (he 
ground. His graphic desoripticn of this scene made a gnat imprwrion en 
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me, ancl it funuelied a fresh illustration of bow manifold are the ways m 
which strange matter can be distributed over the surface of the earth 

Incidents such as these show how informing Hartley was m ordinary 
intercourse, especially when artistic influences made themselves felt He 
was veiy reserved, and this was perhaps due to a shght deafness, which 
troubled him all his hfe Though reserved, he was full of human sympathy, 
and never forgot any act of kindness in others 
Althougli hampered all his life by fiail health and by none too easy 
circumstances, he turned out an amount of first-rate work that the most 
robust might be proud of He was a rapid worker Helped largely by his 
keen insight and full knowledge, he obtained results from which he deduced 
accurate conclusions without loss of time over minute details It will be 
some time before all ^is work has been completely assimilated by Science. 
In 1906 he received the Longstaff medal from the Chemical Society, in 
recognition of the great value of his scientific work 
With his retirement from the active duties of his professorship his expen- 
mental work ceased, and at the same time his healdi became more and mote 
uncertain For this he tned vanous changes of scene, but without much success. 
Finally, in the summer of 1913, he went to the Aberdeenshire Highlands, 
a district which he knew well and with which he had old associations 
While there the fine mountam climate reheved his suffenng and raised bis 
spints, and, being naturally very sanguine, he was looking forward to a mote 
lasting tehef of his troubles than he had expenenoed. This feelmg seemed 
to give him too much confidence, and, m hts enjoyment of the exhilarating 
air and scenery he overstrained his bodily powers, but not so as to cause any 
anxiety It was fatigue which would be dissipated by a night’s rest He went 
to bed and passed away peaoefhlly in his sleep 
He IS survived by Lady Hartley and by their only 8oa,W J Hartley, 
teacher in Agricultural Bacteriology in the University College, Cardiff. 

It IB, perhaps, more than a coincidence that the son should devote htmself 
for life to the subject in which hie father first made a name in Science But 
at that date the subject was new and the word “ Bacteriology ” had not been 
coined. If oircumstanoee had been different, I have Hartley’s own word for 
It that bis career would certamly have been different When talking recently 
abont his early work in the laboratory of the Boyal Institution he said to 
me “If 1 could have afforded it I should have stuck to Bacteriology.” 
Unfwtonately, in 1872 there was not the possibility of earning a livelihood 
in It What Bacteriology lost Chemistry and Physics gained 


J. Y.B 
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HUGH MARSHALL, 1868-1913. 

Hugh Mabshall was bom in Edinbnigb, January 7, 1868, and was 
educated at the Moray House Normal School On leaving school be applied 
himself to the study of Chemistry, at first under Dr Drii^water, and after* 
wards in the Chemistry Department of the University of Eduibuigh. He 
also attended the classes m the curncnlum for Degrees in Science, and m 
1886 graduated as BSo. In 1887 the Gunning “Joseph Black” Pnae and 
the Mackay Smith Scholarship in Chemistry were awarded to him. In the 
same year he was appointed one of the assistants in the Chemistry Depart- 
ment. On two occasions he obtained leave of absence for a summer session 
and spent the time at Munich with Profs. Groth and Krilss, And in 
Ghent with Prof Renard, in the further study of Mineralogy and 
Crystallography In 1890 he graduated as DSc, the subject of his thesis 
being the work on the electrolytic oxidation of oobaltous salts described 
below In 1894 he was appointed Lecturer on MineralQgy and Crystallo- 
graphy, and in 1902 Lecturer on Chemutiy. On the appomtment of 
Prof Walker, in 1908, to the Chair of Chemistry in Edinburgh, Dr l^Urshall 
succeeded him in Dundee 

Dr Marshall became a Fellow of tlie Royal Society of Edinburgh in 1888, 
of the Chemical Society in 1889, and of this Society m 1904 He was also a 
corresponding Member of the Mexican Smentiflo Society “ Antonio Alsate.” 
In 1904 the Council of the Royal Socie^ of Edbburg^ awarded to him 
the Keith Prize for the discovery of the persulphates. He also held the 
Keith Medal of the Royal Scottish Society of Arts, and a Medal of the 
Edinburgh Association of Science and Arts for his invention of the 
" Petrolite " lamp, an ingemous arrangement for the safe burning of volatile 
hydrocarbons. * 

At the close of the summer session of 1913, he went, as captain of the 
Dundee company of the St. Andrews University Officers' Training Corps, to 
camp at Ilkley. After the traming he went to Pons, but not feeling well 
returned to London. There it was discovered that be was saffenng from 
entenc fever. He died in London on September 5. 

Prof Marshall was a very able and suooessful teacher, and gave a 
great deal of time and thought to this part of his work, hut yet was able to 
make important oontnbutions to our knowledge of Chemistry. 

He took a great mterest in the application of eleetrolysis to the separation 
and quantitative determination of metals, and, m repeating Classen's 
separation of copper and oobalt^ observed that after all the eoppw most 
have been deposited, the solution was green, and tibat further eleotrolysia did 
not cliauge the colour. To this green liquid he added sulphuretted hydrogen* 
which produced a white cloudiness due to separated aulphnr, while tto liquid 
became pink . it was obvious that there was no copper in the itdnnon and 



Hvgh Marshall. 


XV 


that some of the oobaltous salt had been oxidised Thu obeervation led him 
to examine the electrolytic oxidation of cobaltoiu salts By ueing a divided 
cell, with dilute sulphuric acid in the cathode compartment, and solution of 
cobaltouB sulphate and sulphunc acid in the anode compartment, he obtained 
pure crystallised cobaltic sulphate, and from this prepared potassium and 
ammonium cobaltic alums, in blue octaliodia, with 24 molecules of water, 
exactly as in the well known alums 

While engaged in this investigation, he observed that in the electrolysis of 
a solution containing potassium hydrogen sulphate along with oobaltous 
sulphate and sulphunc acid, theie were deposited in the anode comportment 
not only crystals of potassium cobaltic alum, but also small colourless 
crystals These he collected and examined, and found that they consisted of 
potassium persulphate He followed up tins incidental discoveiy, and 
prepared directly by electrolysis potassium and ainmomum peisulphates, and 
from them, by double decomposition, other persulphates 

Berthelot had, in 1878, obtained peisulphuiic anhydride, S 1 O 7 , by the 
action of the silent electric discharge on a mixture of sulphurous anhydnde 
and oxygen When dissolved in water this gave an acid solution which 
quickly decomposed giving ofT oxygen and leaving sulphuric acid Berthelot 
obtained a similar solution by the electiolysis of sulphunc acid By 
cautiously neutralising this unstable solution with baryta, he obtamed, 
besides a precipitate of barium sulphate, a solution gradually decomposing 
into oxygen, barium sulphate and sulphuric acid This soluble barium salt 
could be nothing but barium persulphate, hut Berthelot was unable to isolate 
it, and fourteen years later, in welcoming Marshall’s disooveiy, speaks of the 
persulphates as hitherto only dimly seen 

Dr Marshall studied the oxidising action of the persulphates, showmg its 
analogy to that of the halogens, in giving, for mstanoe, tetratliionatos from 
thiosulphates He showed the remarkable modification of the oxidising 
action caused by the presence of even a small quantity of a soluble silver 
salt. Persulphates precipitate peroxide of manganese from a solution of a 
manganous salt, but in the presence of a soluble silver salt the manganese is 
oxidised to permanganic aoid. Marshall referred this action to silver 
peroxide continuously formed and reduced, the action of the silver peroxide 
on the manganous salt being similar to that of lead peroxide m Walter 
Crum’s test for manganese. He further showed how persulphate with silver 
nitrate can be used for the oolonmotno detenmnation of even very mmute 
quantities of manganese. 

Dr. Marshall at first, misled by an error in the publislied results of 
eonduotivi^ measuremente in the case of potasaium perchlorate, preferred 
the simple formula KSOt, but when the error was pointed out and corrected, 
he at onoe adopted the double formula KaStOs, which as %edig and also 
Hoeller showed agrees with other physical properties. 

Ihs work on the oxidation of oobaltoue salts was pubBshed in Uie Ohetaical 
^hwiaty's * Transactions,’ September, 1891. A note mi the persulphates was 

vot. e 
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rend ibef ore the Boyal Society of Edinburgh on Febmaiy Id, 1691, and printed 
m the * Proceedings ' A much fuller account of this wwk is contained in the 
Chemical Society’s * Transactions,' September, 1891 In 1897 Dr. Ma.wLli>ll 
published m the ' Journal of the Society of Chemical Industry * a paper on the 
manufacture and industrial uses of the persulphates. 

He wrote the report on Inorganic Chemistry for the Chemical Sodety 
in 1896 and 1897. He translated into English Prof. Oroth's * Introduction 
to Chemical Crystallography’ 

By Prof Marshall's death Science has lost an acute and original inves* 
tigator and a zealons and sound teacher : all who knew him personally mourn 
a very true and hearty fnend 

A.O.B. 


ALEXANDER BOSS CLABEE. 1828—1914 

Ai.EXAHPEit Roes Clakke was bom on December 16, 1828 , be came of an 
old Highland family in Sutherlandshire. After an ordinary school education he, 
somewhat suddenly, formed the desire to jom the Army and presented himself 
for the entrance examination for the Boyal Military Academy, Woolwich. 
The time allowed him for preparation, only about three weeks, naturally did 
not permit him to take his just place', he was sucoessful but his name was 
somewhat low on the list Once at Woolwich, however, he rapidly worked 
his way up and in the passing out examination gained the first place and 
obtained his commission as a second lieutenant in the Boyal Engineers in 
1847. He was posted to the Ordnance Survey at Southampton m 1860 , he 
was quartered in Canada from 1861 to 1864, m which latter year he returned 
to the Ordnance Survey and spent in it the whole remamder of his service 
until bis retirement as lieutenant-colonel in 1881. 

In 1856 he took charge of the Trigonometrical and Levelling departments. 
The work of the Principal Tnangulation bad been OQm{deted in the firid in 
1861 and Clarke’s first task was to reduce the observations and discuss asri 
publish the results. This he accomplished with extraordinary rapidity! 
great volume on the “ Account of the Observations and Oaloulations of the 
Principal Triangulation and of the Figure, Dimensions and Mean Speoiflo 
Gravity of the Earth as derived therefrom * was puhliehed m 1868. 

To appreciate the magnitude of this aohieveinent it most be xemembeted 
that the methods of gsodetical caleulation were tiien by no means in the 
comparatively simple form they liave siaoe assumedi The first haB of the 
nineteenth century had seen a great development in the pradtioe botii ci 
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observation wid of teducbon of geodesy. The work of Ghniss, Bessel and later 
of Stmve bad perfected the system of calculation, at the same time rendenng 
it more laborious, by the introduction of least square a4]nBtm6nts. Struve's 
work was, however, not published, except in part, and the account of the 
Great Tnangulation of India was in such a cumbrons form and the calonla- 
tions were so voluminous, clencal labour being then very cheap in India, that 
the precedent of Indian work was of little value when applied to Bntidi 
conditions Clarke followed Bessel {Orodmtmmg in Ottpmtsam) closely and 
the whole network of triangles covering the British Isles was broken up into 
a senes of 21 figures, the most complicated figure involving the solution of 
64 equations of condition and the average figure of 44. 

This IS not the place to undertake any discussion of the techmcal details, 
but as directly bearing upon Clarke’s work it may be bnefly stated that the 
results of modern re-observation most amply justify his procedure and smn to 
show that his method of reduction got out of the observed quantities a final 
result as accurate as could possibly be obtained. Though modem practice 
has in certain particulars greatly simplified such work, and though the 
rigorous reduction of such a complex network will probably never again be 
undertaken, Clarke’s volume must always remam a modeL 

In 1860 the Bussian Government invited the co-operation of the Govern- 
ments of England, France, Germany and Belgium in tiie measurement of a 
longitudinal arc from Yalentia, in Ireland, to Orsk. An essential preliminary 
was the comparison of the various national standards of length, a task which 
was entrusted to Clarke and was earned out by him in a specially designed 
room built at the Ordnance Survey Office The results of this, which included 
also the standardisation of 10-foot bars for India and Australia, was published 
in 1866 and Clarke took the opportunity of redisoussmg the figure of the 
earth. In this be exhibited the same genius for calonlation already evident 
in his previous work In 1878 he again returned to this subject and incor- 
porated further elements in the form of longitudinal arcs observed in India, 
as well as improved values for Indian, Anglo-French, and Bussian meridional 
ares. The result showed that the Indian and European elements wmre not 
very consistent, that is to say they could not be oombmed into a spheroid of 
revolution, and though tl^ey could be better harmomsed by an ellipsoid of 
three unequal axes it was not quite clear how far this concordance was due 
to actual dlipticity of the equator and how far to the apparent diminution of 
file residuals which would necessarily follow the substitutiou of three unequal 
axes for two axes in the computations 

However this may be, and modern geodesists would say that the earth, that 
is to say tike geoid or surface to which the plumb line is everywhere normal, 
is nei^er a spheroid nor an ellipsoid, for all practical puiposes Clarke's 
zesntts stand good. 

In 1861 hejpublished the abstracts of spirit levelling in England, Wales, 
and Soothuad. In this same year it was decided to re-observe the oonneotion 
between the EngUsh and Continental tnangnlations, a necessary link m the 
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longitudinal arc already mentioned. Jhe jnnctimi of England and Fmnoe, in 
order to determme the difference of position between Greenwich and Fkxis 
Observatories, had been originally made in 1788-87 and repeated m 1821-23 
Now that the principal triangulatien of Inland was oompleted it appeared 
probable that the connection might bo considerably imi»ov^. and to that end 
the British, French, and Belgian Governments co-operated and three Bhiglish 
stations were connected with two French and four Belgian. Olarke was 
mainly responsible for the arrangement of the work and himself observed at 
the English stations In 1863 he published the account and reductiona 

In 1880 he embodied his accumulated experience in his "Geodesy” which 
remains still, on the whole, the best book on the subject in any language 

In 1881 he retired from the Ordnance Survey and from the Army His 
letirement was nothing short of a disaster to the national survey, there 
]jeing no other member of the staff who had Clarke’s scientific attainments 
or mathematical knowledge. 

Clarke is credited with seventeen entries in the Boyal Society’s ‘ Catalogue 
of Scientific Papers,’ all on lus own subject with the exception of one slight 
incursion into the theory of music He was elected a Fellow in 1862 and 
received the lioyal Me^l in 1887 for his eompanson of the standards of 
length and his determination of the figure of the earth He was created a 
Companion of the Bath in 1870. 

Ill 1883 he and the Astronomer Boyal were ^pomted delegates to the 
International Geodetic Congress. From that tune up to bis death on 
February 11, 1914, he lived a retired life, taking no share m any publio 
scientific activities 

He married in 1853 Frances, daughter of the late M%jor>G«nenil 
Dixon, R.E , she died in 1888, leaving eight children, five daughters and 
three sons, who survive their father. 


E H.H. 
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